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ABSTRACT 

Fundamental ccmcepts of the spatial environment, 
technologies, and applications are presented in this manual prepared 
for senior officers and key civilian employees* Following basic 
information on the atmosphere, solar system, and intergalactic space, 
a detailed review is included of astrodynamics, rocket propulsion, 
bioastronautics, auxiliary spacecraft survival systems, and 
atmospheric entry. Subsequently there is an analysis of naval space 
facilities, and satellite applications, especially those of naval 
interests, are discussed with a background of launch techniques, 
spatial data gathering, communications programs, observation 
techniques, measurements by geodetic and navigation systems. Included 
is a description of space defense and future developments of both 
national and international space programs. Moreover, commercial 
systems are mentioned, such as the 85- pound Early Bird (Intelsat I) , 
Intelsat II series, global Intelsat III series, and Soviet-made 
<*Molniya" satellites. The total of 29 men and one woman orbiting the 
earth ±n 1961-67 are tabulated in terms of their names, flight 
series, launching dates, orbit designations, orbiting periods,, 
stand-up periods, and extra vehicular activity records. Besides 
numerous illustrations, a list of significant space launches and a 
glossary of special terms are included in the manual appendices along 
with two tables of frequency band designation. (CC) 



PREFACE 



This orientation manual on space and astronautics has been pre- 
pared primarily for use in the officer correspondence course program 
of the Bureau of Naval Personnel* It was written hy the instructor 
staff of the l^ace and Astronautics Orientation Course (SAOC)i Naval 
Missile Centeri Point Mugu» California, with the SAOC Offilcer<-in- 
Charge» Conmiander G. Herron^PH.P ) «ftririny aa Author/Editor^ 
Its content is based largely on lectures developed the SAOC staff. 
Principal contributorSp in addition to Commander Herron» were LT J«F« 
Bott. USNR; LT R. U Hamm. MC, USN; LCDR W. G. Barker, USNR; 
LCOR R, A, Hess, USN; LCDR C, A, Oleson, USN; Mr, H, A, Skoog, 
Aerospace Engineer; and Captain A, D« Thompson, USMC, This contri- 
bution to Navy traixdng Commander Herron and his staff, ^ch was 
in addition to full«time duty teaching and administering the Space and 
Astronautics Orientation Course at Point Mugu, is gratefully 
acknowledged, ^ 

Additionally, ttie technical review assistance given by the Naval 
Air Systems Conmiand and the technical and policy guidance and direction 
given by the Director, Astronautics Division, OPNAV contributed ma- 
terially to the successful production of tbte Navy manual on space 
and astronautics, 

the manual was prepared for publication by the Training Publications 
Division, Naval Personnel Program Support Activity, Washington, D,G«, 
a field activity of the Bureau of Naval PersonneL 
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The Navy's Policy On Space Systems 

y is the policy of fhe Navy to use DOD 
satellites, national satellites, or commercial 
satellites as supporting systems ashore and 
afloat where these systems are determined to 
be advantageous and effective. Additionally, the 
policy is to develop and use satellites In those 
cases where no other satellite system will satisfy 
unique Naval requirements and to make these 
sjrstems available to the other services,** 
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Director, Astronautics Division 
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THE UNITED STATES NAVY 

GUARDIAN OF OU^COUNTRY 

The United States Navy is responsible for maihi atning cQntrol of the sea 
and is a ready force on watch at home and overseas. capa^lesQf strong 
action to preserve the peace or of instant offensive action to winlTKwar. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 



WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future* 

At home or on distant stations we serve with 0ride. confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 



THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea. under 
the sea. and in the air. 

Now and in the future, control of the sea gives th^^ United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

INTRODUCTION 



^ In October of 1957 the beeping sounds of 
Sputnik I announced to the world in tones all 
could understand that mankind had entered the 
Space Age. Since then the fields of space and 
astronautics have grown at a rate that confuses 
the average bystander and astounds the active 
practitioner. Within a decade space technology 
has accumiilated a list of achievements (see 
Appendix I) that is unparalleled in the history 
of man. Understanding^, then, any attempt such 
as this to report the progress of this produc- 
tive period will suffer from incompleteness 
and obsolescence of material as scientific prog- 
ress outspeeds the pen. Yet, it is necessary 
for thinking men, both civilian and military, to 
be aware of the effects of space teohpology today 
so that they can better plan for tomorrow^ 

This planning for tomorrow is of crucial 
concern to the military' who have the responsi- 
bility to defend our national way of life whenever 
it is threatened. It was not strange, therefore, 
that the Navy undertook studies in. the late 
fifties and early sixties to determine how the 
Navy should utilize the new technology of space. 
From these studies came a recommendation that 
tian orientation course be established to acquaint 
senior officers and civilian employees of the 
Navy Department with fundamental astronautio 
concepts and space programs.** 

In keeping with Ms recommendation the 
Navy's Sipace and Astronautios Orientation Course 
(SAOC) was established in 1960 at the Naval 
Missile center. Point Mugu, California, by the 
Chief of Naval Operations to provide orientation 
in fiindamental astronautics and space programs 
to support and enhance the Navy's ability to carry 
out its assigned mission. Since commencement 
of courses in 1961, SAOC has presented classi- 
fied briefings to over 25,000 officers and civilian 
personnel of the Department of Defense. The 
SAOC lectures which have evolved form the basis 
of this unclassified manual. The aim of this 
manual is to provide the reader with information 
on space and astronautics so that he may now. 



or in the future, be able to do a bettor Job for 
the Navy and the nation. 

To accomplish this aim, the text material 
has been grouped into three main categories: 
(1) the environment of space, (2) the technologies 
of space, and (3) the q>plications of space. 

The envlroxmient of space is discussed first 
commencing with the atmosphere (Chapter Two), 
proceeding through the solar system (Chq>ter 
Three), and outwards into the intergalactio space 
of the tmiverse (Chi^ter Four). These ohi^ters 
present basic information on the * 'Ocean of 
Stars" deemed necessary to highlight the spatial 
environment that differs radicaUy from our daily 
mode of existence. 

In the second category, that of space tech- 
Mlogies, our treatment begins with a re^ew ot 
TEeoasic physical laws concerning "sailii^ 
among the stars" (Astrodynamios— Chq>ter 
Five). We follow in Chapter Six with a detailed 
discussion of propulsion teohniques covering 
space flic^t ftmdamentals inclwttng chemical, 
nuclear, and elebtrical rockets and advanced 
propulsio;! teohniques. Since man is not at all 
times content to stay at home and let instruments 
be his only eyes, we next examine the hazards 
of manned space flights (Bioastronautics— Chap- 
ter Seven). Auxiliary spacecraft survival systems 
are so essential that we consider power sup- 
plies, communications, tracking and guidance, 
and space navigation in Chapter Eig^t. Since 
returning home is perhaps the most vital ma- 
neuver for the space traveler, we conclude 
our secticni on technologies with atmospheric 
entry (Chq;>ter Nine). This state-of-the-iart re- 
view in space techncdogy equips us to consider 
space applications directed primarily towards 
Navy interests. 

Vfe commence the giace implications section 
la Chi^r Ten with an analysis of naval policy, 
interests, and organizations including a survey 
of the contributions made by Naval laboratories. 
The convenient classification of satellite appli- 
cations into the five functional areas (datagather- 
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Ingi. oommunioationSi observ&tiPit^^ reference 
points in space » and space defense) forms the 
frame of reference for the detailed disoussiou 
of Navy programs in space. As a preface to these 
applications! launch tecl>niques (including water 
launch) are treated Chapter Eleven. Such a 
study of booster vehicles is considered a natural 
starting point for putting payloads into space. 
In Chapter Twelve we consider applications of 
data gathejiMg and call attention to the Navy's 
long*»time interest and successes in this field. 
Chapter Thirteen highlights satellite comtnuni- 
cations for boQi military and peacetime iqpplica- 
tions. Chapter Fourteen on satellita observAtty nR 
of Earth points out that, besides cooparating in a 
tri-service i^roaoh to meteorology, the Navy 
is also e>qploring sensor developments for keeping 
watoh over the ocean areas of the world. Using 
satellites as reference points in space is dis- 
cussed in Chapter Fifteen where detailed de- 
scriptions are provided of geodetic satellites 
and the Navy^s Navigation Satellite System. The 
navigation satellite is ^ical of the manher 
in which space systems today are serving the 



fleet effectively. Space defense which includes 
being able to do something about enemy satel- 
lites as well as knowing yfAnare they are is 
discussed in Chs4)ter Sixteen* Chapter Sevent:^en 
is an extriEq[x>lation into the future of both national 
and international space programs. The concluding 
few paragraphs of the ctupter preview future 
military q;yplicatiODS in space. A glossary is 
included as Appendix Two to cushion the jargon 
of the space generation. 

Throughout this unclassified manual, where- 
ever appropriate, emphasis is placed upon the 
close relationships existing between space oper- 
ations and Navy operations because the Navy, 
justifiabty, is interested in space operations 
primarily only insofar as space applications 
can contribute to the Navy's ability to carry out 
its assigned military mission. In brief, the 
Navy will use space when it helps them do their 
Navy job better. 

With the introduction now c>:t^pleted, fasten 
your seat belts, relax and prepare to enjoy the 
scenery as you wend on an intellectual journey 
through space. 
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CHAPTER 2 



THE ATMOSPHERE 



THE AIR OCEAN 

No part of the Earth is more esseatlal to life 
than our atmoepbere. Without it, life as wa 
know it could not exist* Yet most of us go about 
our daily routine without fully realizing that we 
live at the bottom of a vast sea of tasteless, 
odorless, and colorless gases. This sea of gases 
dominates all of our activities. What we eat, 
wear, and produce are all influenced try climate 
. • .a condition determined by the atmospheric 
responses to the Sun or other energy processes. 
Tlie atmosphere also serves as a blanket to 



protect us from the burning effects of too severe 
sunlight in the daytime and the freezing effects 
of too much loss of heat during the night. 

At the bottom o! this atmosphere, sometimes 
called the air ocean, the gases exert a pressure 
of about fifteen pounds per square inch. Man 
and the other organisms which crawl about on 
the floor of this air ocean have adsg^rted them- 
selves to withstand this mighty force. Man is 
unique, however, in that he has not only suc- 
ceeded in overcoming his natural environment 
but now routinely swims in this air oce^ n and 
beyond into ^ace. 
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What we call the air oceaa is really a mixture 
of gasea. By volume it is composed of about 
21% oxygen and 78% nitrogen, with the remaining 
one percent made vip of carbon dioxide, hydrogen, 
helium and traces of the rare gases such as neon, 
argon, l^ton, and xenon. Because of the air 
circulation, the proportions of these j^ases re- 
mains remarkab^ uniform up to je^^A'.d of about 
50 miles. Water vs^r was not £iientioned in the 
foregoing list because while it is abundant in the 
atmosphere, it does vary widely in volume, from 
over 5% in the air overlying a tropical ocean to 
fradtional percents in cold, dry polar continental 
air masses. Also included in the atmosphere 
are variable amounts of dust, bacteria, carbon 
particles and other solid matter. Nearly all of 
this has been blown up from the surface of the 
Earth, but some of ithas been actually added from 
meteors and the dust of outer space! (It has 



been estimated that 10,000 tons of meteoric dust 
fall on the earth's atmosphere annually, but this 
represents a negligible deposit over the earth's 
surface). 



EARLY INVESTIGATIONS 

Much of our early information about the at- 
mosphere was deduced from meager observa- 
tions. Early Greeks deduced, from sittings of 
the auroral li^ts and observations of meteors, 
that an atmosrtiere existed up to altitudes of the 
order of fifly miles. Their scholars made an 
Initial stuil^ of pneuma. as fli^ called air, but 
did little beyond naming it. 

Men did not begin to accumulate and record 
much useful information about the atmosphere 
until the ei^iteentti century. In 1714, Edmund 
Halley of England, the foremost astronomer of 
his time, stated that the atmosphere extended 
vpwBxdB from tihe surface of Oe Earth for forty- 
five miles, and ttiat ttie air within it became 
steadily colder and less dense toward the top, 
until it merged into outer space. Altfaou^ this 
theory was intuitively appealing, it is hioorreet 
quantttatively as ^ be shown shortly. 

Later in the same century, a French chemist 



named Lavoisier became the IBLrst man to analyze 
the contents of the air. 

In 1898 another Frenchman named De Bert 
suggested the valuable concept of atmospheric 
layers surrounding the earth. He developed 
this idea as a result of balloon esqperiments. 

Then, in 1902, came the studies of Arthur 
Kennelly of HarvardUniversity, andOliver Heavl- 
side of England. They sou^t to eaqilain Marconi's 
suocessful transmission of wireless signals 
across the Atlantic Ocean. Working completely 
independently of each other, fbey predicted that 
layers of charged particles, which would reflect 
radio waves, existed at heiglits well above the 
f orty^ve mile limit imposed Iqr Halley. Recently 
more detailed studies have added to our knowled^ 
of auroral lig^, meteor trail analysis, andwave 
propagation including reflection of sound and 
electromagnetic energy from the layers of ttie 
npper atmosphere. Today we probe the air ocean 
directly witti rockets and satellites which easily 
reach the outer limits of our atmosiAere. 
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Chapter 2— THE ATMOSPHERE 




This 80 caUed outer limit is not definitely 
defined since the atmosphere shades gradually 
into the low density vacuum of interplanetary 
space. At this outer limit the atmosphere is so 
very thin that all the air particles within the 
space of ten cubic miles would hardly cover the 
surface of a pinhead. In this range (from about 
350 miles upwards to a mechanical limit <rf be- 
tween 20»000 to 27|000 miles) neutral molecules 
and atoms of air can escape into space as their 
centrifugal motion overcomes gravity. 

Before we discuss the physical characteristics 
of the atmosphere further, let us define two dif- 
ferent kinds of heating. Temperature is directly 
related to kinetic energy of motion. The heat 
energy which is imparted to a body Iqr its collision 
with particles is kinetic. Heat which results from 
the absorption of energy directly from a radiating 
source (such as the Sun) is ladiAttfia heating* All 
the temperatures mentioned hereafter will be 
kinetic temperatures (due to particle motion) and 
will be esqiressed in degrees Fahrenheit, ^. 



CURRENT KNOWLEDGE 

In our present picture of the atmosphere, we 
fevcognize several layers which envelope the Earth 
as an onion skin. Altbou{^ we mi^t describe 
the atmosphere in any of its speoialiMd char- 



acteristics (for example, by density or tem- 
perature) we shall discuss itprimarilytqr altitude 
regions as four concentric shells labelled pro- 
gressively troposphere, stratosphere, ionosphere, 
and exoephere. 




EXOSPHERE 

■ IONOSPHERE 

STRATOSPHERE 
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Troposphere 

The lowest shell is the famiUar troposphere. 
It extends to heigjits of about five miles at the 
poles and ten miles at the Equator. The prefix 
Htropo'> means turning over. Within this layer 
the air is constantly in motion due to wind cur- 
rents that distribute heat and moisture around 
the Earth's surface. The troposphere is the area 
with which we are most familiar wherein weather 
and climatic changes are most noticeable. 

Both temperature and pressure decrease with 
altitude within the tropoephere. At heights of 
seven miles the barometric pressure isox^one- 
fifUi of tiiat at sea level and the air is only three- 
tenths as dense. Temperature also decreases 
throu^iout the tropoephere at the average lapse 
rate of for every I9OOO feet of ascent. The 
temperature, at Xbe top of the troposphere, ranges 
from about -65^ in the middle latitudes at five 
miles altitude to -100^ at ten miles altitude 




atx>ve the equator. Between the trq;x)6phere and 
stratosphere lies a zone of transition which is 
often narrow and abn^t, yet sometimes atmlddle 
latitudes it consists of multiple layers. This 
transition zone is called the Tropqpause and it 
varies in height with latitude and the season. 



Stratosphere 

When we leave the bottom floor at the air ocean 
and climb ten miles into liie stratosphere we enter 
an unfamiliar realm. Hot and cold fronts as we 
eaqperience fliem on tbe surface are left behind. 
There is little wind except seasonal Jet streams, 
and water vapor is a quite n^glig^Wft fl n m p ftnTOt, 
Althoo^ some physical obntlnnity totw w m the 
lower and iqiper air exists, and ttouj^ ttie (Bs- 
turbanoes in one are often rdUttedtodistartanees 
in the ottier, stratoep ii er e is separate in many 
ways. Alftooih alig^ afEsoted tgr eeasonal 
periods, fbe s tf a iosphere, aswe wllloowider it, 
ranges in allitttde from ten to fifty miles. 

^ l** ^ stratophere* from 

abont t wenty to thirty mOest ftere is a most 
iiqportant ingredient of our atnidqphere« osone. 
Ozone is an allotropio Itarm of mcdeoiilar oongen 
formed by a ph o <iW li einlei l reaction between 
suidightiiriiootygBiu Aintflecwieofoadbeoomisls 
of ttree atane of oaygsn instead of the two atoms 
foond in Oe more domrnon oaygm nritocuto. 
Osone aolg as a fiterint ngeaft to absorb most 
of tbe iOlrtttiotet MdfaaiOBS with wave iuMm 
greater fitiii am AagglMttm (I AsgHnm « i<r • 
om). Moot of tte ti> Mii%^tiitiig ifinjnriti i g nBn^ 
violet nye ate «tiMted tgrfttloeerntf laore 
donee tMpoeiiwe. ttm iaw tm^^pn^ 
trate to Barft oostefbote to bealthy boman lite. 



This ozone layer, whibh is so vital to the preser- 
vation of life, actually is not extensive. If the 
entire atmosphere were to be compressed to 
sea level pressure, the resulting depth of mate- 
rial would be nearty five miles thick. On this 
scale the ozone Iqrer would be slightly less than 
one-twdftb (1/12) of an inch! 
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If tve ooDSider temperature dianges throng- 
oat tbe 8trat06idiere» we notice that at first the 
temperature (sbown as fbe ri^t curve in the 
figure) begins to increase with altitude, ehiefty* 
because of tbe absorption of ultra:violet radiation 
by osone. However, since oaone is located prin- 
cipally in the lower levels of Oie stratosphere, 
tte temperature curve mounts but briefly, and 
aen decreases agaliu Tbe temperature rises 
from about -65^ at the bottom of tbe strato- 
sphere to 4667 near tbirtf mUes, and Qien de- 
creases to -1047 at 80 miles. (Freqwntly fUs 
stralo s ^ ric region is subdivided for discassion 
into (1) a stratopanse at about 19 miles yAere 
the tenqperature is about -lOO^F, (2)anie8ophere 
for tbdi range of altitudes between twenty and 
tUtf miles wliere flie temperature decreases. 



and (3) tbe mesopause wliere ttie tenqierature 
has its lowest value in the atmosphere, -1307 
or less, at fi£iy--five miles). 

Pressure (shown as the left curve in the 
figure) decreases continually until at fifty miles 
tlie absolute pressure is only 1AOO,000 of the 
sea level pressure. Tbe density is also lAOO.OOO 
of the sea level density. WtQiin these first fifty 
miles of altitude tbe c omp o si ticm of atmosphere 
is relativety uniform, and atmospheric density 
decreases by a factor of approximately ten for 
every ten miles increase in hei^ This atmos- 
pheric region of uniform co rop o e ition is called 
flie homoerhere. B^irond the homositere, com- 
mencing at about sixty miles, we enter the 
heterosphere where composition disages wifii 
altitude. 
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Ionosphere 

Perhaps fhe most interesting of all atmo- 
spheric layers from the aspect of understanding 
its physical effects is the hi^y charged iono- 
sphere. The ionosphere extends from 50 miles to 
almost 250 miles in altitude. (Frequently this 
region is also called the thermosphere because 
here the temperature rises rapidly with altitude.) 
It is realty a buffer region in the atmosphere. 
On it falls an immense electromagnetic bombard- 
ment of li^t rays^ ultraviolet and infrared radi* 
ationSt radio waves and corpuscular streams from 
the sun and similar radiations from beyond our 
own solav system. These impacts produce a great 
variety of effects on the molecules and atoms of 
the i^r air. For exanqple, ultraviolet radiations 
frequentty knock electrons from air molecules or 
break--up molecules into atoms leaving charged 
particles called ions. Hi^ energy cosmic rays^ 
colliding with atoms of air, produce powerful 
secondly showers and cascades of electrons* 
mesonsp and other <<strange'' nuclear pairticles. 




Many radical changes occur in fhe gases of the 
ionosphere. Nitrogen and oxygen appear as in- 
dividual atoms instead of paired as molecules. 
Free electrons are produced leaving many atoms 
in the ionised state (ions). These electrons and 
charged ions interact to form great ionized 
layers. Definite correlations have been estab- 
lished between solar enqitions and the electron 
density of ionospheric layers. These strata are 
occasionaUy the scene of the electromagnetic 
storms that disnq;it radio communications. The 
ionised layers are not constant in thickness, 
but swell in the sunli^t in the daytime, and 
shrink at nigjbt. Tou have probabty noticed 
that radio recqition at certain frequencies is 
better at nig^t Xban by day. The absence of son— 
liglit causes icmized layers to develc^ less at 
niglit, to occur at hig^r altitudes, to create less 
statiOt and to lose less vibration energy to neutral 
air particlea, Q»reby permitting more efficient 
bounce back of radio energy over larger distances 
than during dajftlme. 
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The ionosphere is usually subdivided into 
D, E, and F layers. These layers exhibit dif- 
ferent responses to radio waves based upon the 
depth of penetration and the vibration frequency 
of the wave. 

The D layer is the lowest in altitude. It dips 
into the upper stratosphere and lies between 25 
and 50 miles, with its maximum ionization activ- 
ity between 35 and 40 miles. This layer absorbs 
some of the energy re-radiated by the earth in 
the manner of a greenhouse. 

Next is the E layer called either the Heavi- 
side or the Kennelly-Heaviside layer after the 
twp scientist^ who studied this region. It ex- 
tends from 55 to 80 miles in altitude and its 
maximum ionization is between 70 and 80 miles. 
Sporadic-E efitects are sometimes present in 
this layer, especially i:\ simimer. This erratic 
phenomenon interferes drastically with radio 
propagation. It is associated with a rapidly 



fluctuating increase in electron density frequently 
observed in daytime near the equator and at night 
near the poles. 

Immediately above the E iByer is the F layer 
which extends from 85 to 250 miles in altitude. 
The F layer is subdivided into the Fl and F2 
layers. The maximum ionization for the Fl 
layer occurs from 135 to 145 miles. Within 
this Fl region an ionospheric turbulence, called 
the spread-F effect, causes scintillation or ir- 
regular fluctuations in radio signals. The F2 
layer has maximum ionization from 190 to 230 
miles. 

The aforementioned layers of the ionosphere 
are referred in modern terminology as regions 
rather than layers because the so-called ionized 
layers, in which free electrons are the active 
vibrators, actually are broad maxima of elec- 
trons present in a hi^y charged ionosphere. 
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In the extremely tenuous gases of the iono- 
sphere, the scattered atoms and other particles 
are heated primarily 1^ the radiant energy of the 
sun. Temperatures in the ionosphere soar to 
2000^ and hij^er In the upper regions based 
upon the kinetic energy of the particles* Yet at 
these heights, man would freeze at nig)it« There 
is little reflected sunlij^t to keep him warm, 
and the air particles are so few and far apsxt 
that they will not keep him warm by contact. At 
the top of the ionosphere, only aboutfifty thousand 
billion (S times 10 to the 13tfa power) particles 
would strike each square inch of a bod^ every 
second. However, these impacts would ccmvey 
only a small portion of the heat convesred by the 
far greater number of air particles at sea level 
where a square inch is struck hy ten quintillion 
billion (10 to the 27tfa power) particles each 
second. 




SEA LEVEL 

V 




In the ionosphere, as in most of the strato- 
sphere, and all of the hi^r exosphere, heat can 
be effectively transferred only by radiation be- 
cause of the relatively low number of particles 
present. The particles do not reach an equilibrium 
temperature by collisions. Heating here depends 
primarily on the net exchange of absorbed radi- 
ation and emitted radiation. A spacecraft at these 
altitudes may be intensely heated vAiile es^osed 
to the sun. But as soon as the sun disappears, 
or tbB craft passes into the shadow of the earth, 
it loses heat throu^ emission of energy radiated 
lato space. There is no atmospheric blanket of 
Buffident consequence to reflect this heat lost by 
radiation. The ionospheric air is much too rare. 
This is easily demonstrated by the calculation 
fliat a QEBONI spacecraft in one complete orUt 
of file earth at an altitude off 160 miles will en- 
ooimter only a total of one-third of an ounce of 
air. At sea level fbe spacecraft in one orUt 
would have encountered 22 million tons of air. 
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Exoephere 

SomeiKAiere between 250 and 500 mites in alti- 
tude the rare ionosphere merges with the even 
more tenuous exosphere. The ohief difference 
between these two layers is that in the exospbere 
fast moving partioles can escape fnrai the earth. 
There is ne^igiUe probabiUty that they will hit 
ancrther partide and rebound back into the at- 
mosphere. Any charged particles that are formed 
1^ the action of the Sun's rays are much too 
widely scattered to produce detectable charge 
layers as in the ionoephere. Instead, hig^ In the 
exosfhere there are charged sones of a very 
different nature: the geomagnettoally trapped 
radiation in the Van Allen Radiation Belts. 

Let us briefly ccmsider the phenomenon of 
geomagnettoalty trapped radiation. Our Earth 
possesses magnetisnu Magnetic fields, origi* 
nating from magnetic materials and circulating 
currents within the earth, extend many thousands 
of miles beyond the surface to form a geomagnetic 
cavity in the solar system. This cavity can be 
defined as the total volume occiqiied by fte mag- 
netic field of the EarQi to distlngaish it from tte 
interplanetary magnetio fields of otter bodies, 
principally flie Sun« This geomagnetio cavity, 
somewhat in the shape of a teardrop or comet's 
tcdlt reaches to about ten earth radii (40,000 
miles) on tbe side closest to the sun conunody 
caOed flie dqr side and many times fttrOier on 
tbB side. Wifldn the geomagnetic cavity 
diarged partioles are direcOy affected by the 
magnetic field of the earth. A companion term, 
magnetosphere, is also used to describe ttiis 



region of the atmosphere above SCO miles where- 
in magnetic effects dominate the trajectories 
of charged particles. 

Any charged particle in motion in a magnetic 
field is acted iqxm by a magnetic force directed 
at rig^t angles to both the direction or particle 
motion and the direction of the magnetic field. 
In uniform magnetic fields, charged particles 
travel in helixes around the field lines. In non- 
unfform magnetic fields charged particles can 
be caused to reverse directions along the field 
lines and with certain field configurations be 
caused to oscillate or become trapp^ 

Geomagnetic trqiping of charged particles 
occurs because the Earth's magnetic field is 
stronger near the surface ttian at hi|^r alti- 
tudes. This is understandable if we remember 
the Earth possesses a dipole-like magnetic field 
similar to that of a thin bar magnet. The lines 
of force bunch together (field strraglh increases) 
as the lines try to enter or leave the poles of 
the Earth. This field ocmfiguration causes <diarged 
partioles to move in ti^iter helixes as tti^y travel 
to lower altitudes at U^r latitudes where tbof 
enter greater mapietic fields. When the plane 
of rotation about fbe field lines bec omes per- 
pendicular to the fieldt tbe pitch ang^offiie helix 
becomes sere and the particles are reflected 
back (mirrored) along the field lines. When 
mirror points exist at both ends of tiie field lines 
(as happens in Ugh Norfli and SouOi latitudes) 
then charged particles within a certain energy 
range win be geomagpettcaHy trapped. Vnxtk 
fids brief review of electromagnetics let us esc- 
amine ttie Van Allen RadiatiOD Belts. 
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ViewB about the compoeitiQQ and energy of 
Van Allen Radiation have been modified signifi* 
cantly by iitformation from recent space fUc^ts. 
Investigators liow see a more coherent picture 
emerging. The magnetoephere on the day side 
interfaces wifli turbulant solar magnetic effects 
at about 40»000 miles from the center of ttie earth« 
^thin this magnetoephere and extending to 
sli^iUy greater distances on Oieni^ side protons 
and electrons are trapped in significant numbers 
in droumterrestial belts. However, the shape and 
boundaries of these radiation belts are notabnqtt 
or distinct. Early investigators localized these 
belts into two zones: (1) An inner zone pcpulated 
wifli hig^ energy protons, and (2) An outer sons 
populated wifli energetic electrons* Itnowqipears 
that there are even broader spatial regions with 
ooocentrationB of both protons and electrons of 
definite duracteristic energies* 

Let's locate ttiese belts using geocentric co- 
onBnates. Starting at the center of the Earth and 
moving outward, there is a broad inner belt start- 
ing about StSOO miles consisting of energy 
protons wifli a spread of kinetic energies some- 
times exceeding 100 million electron volts (Me V). 
At 11,000 miles there is a swarm of 1am energr 
protons (1/4 MeV), and immediately adgacent at 
15»000 miles is a collection of 20 MeV protons 
and 2 MeV electrons* The outer belt estenste 



from about 23,0(K) miles to the edge of the mag- 
netoephere. It is principally filled with electrons 
with energies of about 10 KeV. 

Scientists are actively enpiged in determining 
the origin of the particles and the r^lenishment 
and loss mechanisms for these radiation belts. 
It has been established that protons from the Sun 
do affect the population density of the outermost 
zones, but the inner sone remains relative^ 
stable despite frequent external perturbations. 
Some tiieorists Ivpothesize Vbst the majority of 
fbe trapped protons of ttie inner zone came about 
by the decay of neutrons that have splashed back 
from collisions of cosmic rays wiQi air mole- 
cules. This theory is called the neutron decay 
or albedo ttieory for populating the inner zone 
with protons. Some accepted loss mechanisms 
include absorption of charged particles by the 
atmosphere at hig^ latitudes and in the »juth 
Atlantic Radiation Anomolies. At present no 
unified theory answers all questions about the 
conq>ositi<m and history of ttie radiaticm zones. 
Furttiermore, a temporary cmistraint or ctnt^ 
fusion factor to space investigatims of the natural 
radiation zones are the remnants of artificial 
radiation zones created by charged debris from 
Ug^ altitude eaqplosions of nuclear bombs. Coi^ 
tfaidng space research will add greatly to our 
knowledge of geomagnetically tripled radiation. 
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Although we have been talking in terms of 
great distances and very energetic particles, 
the trapped particles within the magnetosphere 
have an aggregate mass of less than one pound* 
However, within the radiation belts unshielded 
man would receive more esqpoeure to radiation 
within one minute than the Atomic Energy Com- 
mission considers to be sate eKpoBore wiOiin one 
week. Shielding to protect an astronaut from 
such a hazardous environment would require 
materials with the shielding equivalent of 100 
pounds of lead per square foot. Not only is fids 
Van Allen radiatioii directly dangerous to un-* 
shielded man but the problem is frequently com- 
pounded by energetic particles wfaidh, rxpon 



striking the hull of the spaceship, create intense 
seomdary showers of radiation throug^iout the 
interior of the ship. 

One initial plan for interplanetary flights had 
manned spacecraft departing Earth throu^ the 
existing gaps of radiation over the polar regions. 
This would have entailed es^ensive propulsion 
costs to change orbital planes since we have not 
established launch sites at the poles. However, 
current plans for departing Earth include opti- 
mizing ccmstructicm and placement of materials 
in the spacecraft to provide adequate shielding 
for astronauts to make rapid transits throu^ 
file radiation belts vrithout excessive weight of 
shielding materials. 
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Geomagnetical trapped radiation ie not* how^ 
ever, the only constituent of ttie exoephere* The 
belts themselves are merged in an extremely 
rare atmosphere composed almost v^olly of 
charge atomic oxsrgen and nitrogen. Throu^iout 
the exoephere the individual gas particles are 
probably at temperatures well in excess of 
2,000^ F, especially during a sunspot maximum 
yiben they reach over 3000^« These particles 
are present in decreasing amounts tip to the 
mechanical height limit of 27,000 miles. At this 
altitude we have reached the surface cf the air 
ocean surrounding Earth. Here stray particles 
from outer space fall into the atmosphere, and 



particles of air escape into space as they are 
thrown off td^ntiaUy at escape speeds of 25,000 
miles per bour. 

Even beyond the mechanical limit of our 
atmosphere we find much of interest. Electrons 
in the outer fringes of the Van Allen Belts drift 
around in the magnetosphere of Earth. A tran- 
sition region extends from the edge of the maff-* 
netosphere to about 60,000 miles. This 
gateway to extraterrestial space is af- 
fected greatly \jf solar winds, flares, and 
storms. We will describe these phenomena 
when we consider next our star, the 
Sun. 
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representaUcm involving eccentrios and epicycles, 
that very precisely described the motions of the 
Sun and Moon; and Ptolemy, ^o compiled a 
series oC thirteen volumes cm astronomy known 
as the «Almagest>% 

■ The concept that the Earth occupied the center 
of the universe, however, remained unchangsd 
until 1530. it was at that time Oiat Cqpemicos 
envisioned a solar system in which the Sun occo^ 
pied tbe center with the planets revolving atioiit 
iU This revcdtttionary thMry was brouglit closer 
to acceptance hy tbe telescopes of Brahe and 
Galileo. In ttie 17th Century Kepler set down the 
laws ccnoeming the orUtal travels of the planets 
and Newton formulated his lows of gravity and 
motion, using these ndwly developed laws and 
scientific instruments, man brou|^ not cmly ttie 
am and planets into closer view but developed 
a consistent flieory of the solar system for our 
heritage. 



BACKGROUND 

Throu^ the centuries man has gazed at the 
Sun, the Moon and the stars and tried to under- 
stand ttie universe around him. This curiosity 
has led to detailed observations, theories, and 
now to planned investigations of our solar system. 
Such activities are loosely grouped under tbe 
field of astronomy, the oldest of all sciences. 
Recorded evidence of a lunar eclipse was made 
by the Chinese in 1136 B.C. While the Chinese, 
Babylonians, Egyptians, and others have made 
maiqr contributions to our knowledge of the uni« 
verse. It was the Greeks who developed astronomy 
to a level unsurpassed until the sixteenth century. 
Recall tbBt it was one of the earliest Greek 
astrcmomers, Pythagoras, who probably first 
realised that ttie Earth was spherical (even if it 
was erroneously believed to be the center of 
the universe); Fhilolaus, who introduced the con-* 
cept that the Earth is in motion; Aristotle, who 
first wrote clear and correct esqplanations of the 
phases of the Moon and of eol^)ses; Aristarchus, 
^ffbo devised a most ingenious method to find the 
relative distances from the Earth to the Sun and 
Moon; Hipparofaus, who invented a geometrical 
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SUN 

Our solar system is composed of a star, the 
Sun» with a retinue of nine planets orbiting it 
at varying distances. Referred to as a tUrd 
generation medium-sized star composed of 
luminous gas, the Sun constitutes 99,86% of the 
matter in our entire solar system. The Sun 
has a diameter of 865,000 miles (about 109 times 
that of Earth), and weigjbs 6,6 x loP^ tons (ap- 
proximately one million times that of Earth). 
The Sun's gravitational attraction is such that 
a 100 pound object upon the Earth's surface 
would wei{^ about 2,700 pounds on the Sun. It 
is oonunonly called an old star (4-7 billion 
years' in age)i yet is has not settled down to a 
\miform rotation rate. Rotatimi at its equator 
takes 24 days; at the poles it takes 34 days. The 
Sun's energy ou^t is derived from thermonuolear 
reactions deep in its interior, where temperatures 
are calculated to be near 20 million degrees 
Fahrenheit. While Oie Qq[)arent surface tempera- 
tures average 11,000^, the corona attains tem- 
peratures near two million degrees. The magnetic 
poles of the Sun periodically change polarity as 
also happens occasionally with the intriquing 
spots which travel across its surface. These spots 
apparently portend significant physical reactions 
occuring on the Sum Enormous arches of extra 
bright gas are often seen hig|& in the Sun*s at^ 
mospbere above tiie esqposed poles of a pair of 
sun spots. Sometimes these arches reach to a 




height of 30,000 miles and bridge a span of more 
than 125,000 miles. Prominences thathave quietly 
arched across thousands of miles for days on end 
have been seen to abnqitly explode, propelling 
atoms out into space at speeds greater than esoq;)e 
velocity from the Sun (387 miles per second). 
Other magnetic discharges cause tons of fiery 
hydrogen to shoot \sp 100,000 miles or more above 
the Sun's surface. The greatestof all such spouts 
of ionized gas or plasma are the solar flares. 
These recurring phenomena may affect our man- 
ned space flints since they e^lode extreme 
distances into space, some as far as 500,000 
miles. 
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PLANETS 

The planets orbit the Sun in the same direction and generally in the same plane. The usual ref- 
erence to which the orbital planes cf the planets are referred is the plane of the Earth's orbit about 
the Suni called the plane of the ecliptic. Each planet's heliocentric path is an ellipse ^ch varies In 
most cases only slightly from a circle. 



MERCURY 

Traveling outward from the Sun to some 36 
millicm mileSi we first locate Mercury, an in- 
ferior planet named for the speedy messenger 
in Greek mythology. It is conmionly known as 
the morning or evening star. It has the shortest 
period of revolution about the Sun (88 Earth 
days)i and its mean orbital speed is nearly 30 
miles per second. Onis of the brightest objects 
in the sl^i Mercury is the least massive planet 
in the solar system and the smallesti having a 
diameter of only 3005 miles. Measurements 
indicate that the lighted side of Mercury has a 
temperature of about 610 or (640 ^F)i which 
is hot enough to melt tin and lead. Because of 
this highHSurfaoe temperature and the low velocity 
required \ts atoms to esciqpe. Mercury should 
contain only a limited atmosphere. This is 
confirmed its low back reflection (albedo), as 




evidenced ttie fact that it reflects only 6 percent 
of the light incident upon it (less than ax^ other 
planet). It probably possesses terrain features 
very similar to the Moon, and possibly has a 
shorter rotation than revolutionary rate causing 
days and nights. 
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VENUS 

Continuing outwkrd from the Sun. the second 
planet we encounter is Venus, Since it is the 
closest planet to Ear jh» its brilliance is exceeded 
only by that of the Sun andMoon, Venus is named 
for the ancient goddess of love and beautyi and 
is sometimes called the sister planet of Earth. 
It is most like the Earth in mass and size with 
a diameter of 7700 miles. Its orbit is the most 
nearly circular of the planets » having an eccen- 
tricity of only 0.007. Radar e3q;>eriment8 indicate 
that the planet may be rotating on its axis in a 
direction opposite (retrograde) from that of the 
Earth and that its rotation rate is perhaps once 
per every 250 Earth days; This slow rotating rate 
accounts for the extremely low extent and in- 
tensity of its magnetic field as indicated by the 
magnetometer of the Mariner II spacecraft as it 
passed \yy Bt 9l distance of 21,648 miles on 14 
December 1962. Mariner found that the tempera- 
ture of Venus was approximately 800® and 
detected no openings in the dense cloud mass of 
condensed hydrocarbons that start about 45 miles 
above the Venusian surf ace and reach altitudes 
as higb as 60 miles. Probes in late 1967 con- 
firmed the hot surface (>500*'F) and weak 
magnetic fields. 
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EARTH 

Next we have one of the smaller planets in 
the system, Earth. As we have discussed most 
of the pertinent (^'dpphysioal facts of Earth ear- 
lier we can pass on to a consideration of its 
natural satellite, the Moon. 



MCON 

Of over 30 moons in the solar system, the one 
we see with the naked eye gets the most atten- 
tion. Earth's own natural satellite is but a step 
away when compared to the distances to the 
planets. 

The moon is about one-fourth the Earth's 
diameter, but it is not ao dense. The Moon is 
generally thought of as being about 239,000 
miles aw^y. But this is an average distance, 
as it actually varies from about 226,000 miles 
at closest perigee to 252,000 miles at furthest 
apogee. Furthermore, astronomical distances 
are measured from bo^y center to hoiy center 
so by deducting about 5,000 miles for the com- 
bined radii of the Earth and the Moon, we can 
reduce the separation at the Moon's closest 
point of approach to some 222,000 miles. 

The Moon circles the Earth every 27-1/3 
days. This coincides with its rotation about its 
own axis, which accounts for the same side 
always boing presented to the Earth. Due to 
effects known as librations, the Moon appears 
to rock slightly on its axis in all directions. 
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As a result of these librations somewhat more 
than half of its surface has been observed from 
Earth. To be exact, 41% is always observable 
from Earth and 41% cannot be observed. The 
remaining 18% may be observed, depending upon 
the time of observation, and the observer's posi- 
tion on the Earth. The advent of satellites that 
orbit the Moon is producing valuable photographs 
and information on the backside of the Moon not 
observable from Earth. The Moon is devoid of 



any atmosphere, thus, there is no gradual tern-* 
perature gradient from hot to cold. An object 
partially in the Bunllght and partially in the shade 
would be subjected to extreme heat and cold 
simultaneously. From its reflecting power we 
are able to compute the Moon's surface tempera- 
ture. It ranges from about 260 TP at noon on the 
Moon, to about -240 at midnight. We will 
discuss the Moon further when we consider 
Astrodynamics. 



MARS 

Beyond Earth lies Mars, named after the god 
of war but often called ttie ««rod>» planet. While 
Mars has a small diameter of 4200 miles, it 
possesses two moons: Phobos and Deimos. 

Additional information and photographs were 
obtained when NASA^s Mariner IV flew within 
7400 miles of Mars on 14 July 1965. During this 
Oyhy period, no significant changes in magnetic 
field or radiation intensity were observed from 
the levels prevailing in interplanetary space. It 
is probable that Mars contains no hot liquid metal 
interior. This would explain the absence of a 
magnetic field, which is believed to be associated 



with the motion of magnetic fluids in a planet's 
core. The photographs of Mars show a surface 
pitted with craters with a tjfpe <rf frost around 
the Martian-polar regions. There* are no readify 
apparent straight-line <<canal8'S and no mountain 
chains or great valleys. An extremely thin at- 
mosphere does exist. The surface pressure of 
this Martian atmosphere is lower than ten milli- 
bars as compared to the approximately 1000 
millibars of actual sea-level pressure on Earth. 
It possesses an ionosphere capable of reflecting 
radio Irequenoies as idgji as 3000 kiloHertz. 
Radio communication between points on its sur- 
face should be possible if e3q[>loratiQn is 
conducted. 
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ASTEROIDS 

Between the orbits of Mars and j!q>iter there 
are concentrated the multitude of small bodies 
referred to as minor planets or the asteroid 
belt. Their orbits are highly irregular, gen- 
erally falling between Mars and JupUer^ but with 
some such as IcaruSt passing closer to the Sun 
than does Mercury, (in 1968 as close as 4 million 
miles to Earth). Apollo and Adonis come within 
the orblte of Earth and Venus. The largest, 
Ceres, has a diameter of some 400 miles. Be- 
cause of their small size and rocl^ terrain they 
are referred to as orbiting mountains. 



JUPITER 

Beyond the asteroids is the orbit of Jupiter, 
the colossus of the solar system, more massive 
than all the other planete combined. It orblte 
some 484 million miles from the Sun. Although 



it never comes closer to Earth than 367 million 
miles it usually outehines everything in our night 
sky except the Moon and Venus. Named for the 
king of the Greek and Roman gods, Jupiter has a 
diameter <tf 87,000 miles, and Ito mass is some 
318 times that of Earth. Violent storms exist in 
Ite hostile atmosphere and even today we know 
far too little about this giant. Jupiter radiates 
more heat than normally eiqpeoted from reflected 
sunlight alone, and ite Great Red Spot, sometimes 
measuring 30,000 noiles across, remains a 
mystery. Juplter^s rspld rotation, averaging one 
rotation every 9 hours 35 minutes, has caused it 
to become noticeably oUate. Since ite' equator is 
inclined at only three degrees to ite orbit plane, 
the planet has no iq;qpreolable seasons. Juplter*B 
surface gravity is 2.64 times greater than on 
Earth, and it can easily retain all kinds c£ gases 
in ite atmosphere, especially l^drogen and 
helium. Jupiter has twelve moons and Ganymede, 
one of these satellites, possesses a noticeable 
atmosphere. 
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SATl/SN 

Named for the ancient god of timei or for the 
Titan god of seed-sowings tbe beautiful ringed* 
planet Saturn ia the solar system's second largest 
planet. Of its nine satellite moonSi only Phoebe 
moves in retrograde mptlon and only Titan seems 
to have an atmosphere. In addition to its known 
satellites. Saturn has a most impressive ring 
system. First observed by Galileo, the rings of 
Saturn are actually three distinct bands made 



URANUS 

Named for the Greek god of the heavens» 
this planet is most difficult to see without a 
telescope, Uranus, located a median of 1783 
million miles from the Sun, has a diameter of 
some 29.500 miles. Uranus ^ipears to be com* 
posed of methane, anmaonia, iandhydrogen. These 
gases exist primarily in a solid-state due to the 
extreme cold (-300^). Its direction of orbital 
revolution is normal (that is, from west to east), 
and it is accompanied 1^ five satellites. None 
of the satellites are known to be much over 1000 
miles in diameter. Since it is far from the Sun, 
its orbital speed is low (4 1/2 ml/sec)^ The 
length of time taken for one revolution around 
the Sun is 84 Earth years. A unique feature 
about Uranus is that itk axis of rotation lies 
almost in the plane of its orbit, -thus durli^ 
some parts of its revotution it is so oriented 



up of billiODB of minute solid particles. These 
bands are some ten miles in width and exist 
outward from 7000 miles to 171.000 miles above 
the planet's surface. Saturn has amean diameter 
Just under 72.000 miles ^d an average density 
of only 0.71 times that of water, the lowest of 
any planet in the solar system. It is the most 
oblate of all the planets and the mean rotation 
period is approximately 10 hours and 38 minutes. 
Like Jupiter, the atmosphere of Saturn is believed 
to consist principally of l^drogen and helium. 



that we look almost directly at one or the other 
of its pedes. Uranus appears greenish when 
seen throu|^ the telescope, probably because of 
its atmospheric methane. 
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NEPTUNE 

Neptune, named for fhe ancient god of the 
seat iB located 2,700 million miles from the Sun 
and travels with an orbital speed of only about 
3 mi/sec. It requires 165 Earth years to com- 
plete ODid revolution aroimd the Sun! Its dia- 
meter is Bppro^imoXely 25,800 miles and it, 
like Uranus, appears in a telescope as a small 
greenish disk. Neptune has two satellites: Triton 
and Neried. As in Uranus both methane and 
hydrogen have been detected spectrographically. 
Ammonia appears to be absent in the gaseous 
state, an would be e]q>ected since the temperature 
of Neptune is near (-350 T), well below the 
freezing point of methane. 

PLUTO 




At 3,671 million miles from the Sun, we 
find the second smallest of the planets, Phito. 
Named for the Greek god of the imderworld, 
Pluto is muoh more difCioult to see than Nepbone. 
This small planet has a diameter of 3,600 miles 
and possesses no satellites. It taken 248 years 
to revolve around the Sun as it leisurely pokes 
9long at a mean velocity of only 2.9 mi/sec. In 
all likelihood, Phito has no atmosphere. This 
planet is so cold (below -350^), that even its 
gases, if it has any, must be frozen solid. 

COMETS 

Comets are the most plentiful individuals 
in our solar system, numbering about 100 billion. 
They are interesting primarily because they 
are the travelers of the solar system. They ^ 
wander throu^iout its far reaches (out of tb^ 
plane of tt&e ecliptic) and return back to our SQn. 
In general, comets are believed to be composed 
of frozen gases that boil off luminous tails as 
Xbey streak throu^ space. 

What we have observed during this review 
of man's heritage in our solar system is only 
a small representative sample of the wonders 
that abound in the seemingly endless universe. 
We have become quite familiar with our inmie- 
diate neig^rhood, the solar system. With in- 
creasing distance our knowledge fades. Even- 
tually we must reach beyond our current dim 
boundary (the utmost limits of our present tele- 
scopes and spacecraft) and move into our ex- 
panding universe. The next ohi^yter will survey 
the chart of such a voyage into this <<ocean of 
stars**. 
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CHAPTER 4 

THE UNIVERSE 




In the last two chapters we discussed both 
the Earth's atmosphere and the solar system of 
which Earth is a part. We now continue the 
investigation of our physical surroundings Iw 
considering one of the most awe-inspiring con- 
cepts within the imagination of man, the Universe. 

Astronomy, definedl^Webster as ''the science 
of the stars and other heavenly bodies,** is one 
of the oldest of all sciences, having its start 
with the Chinese around 1000 B.C. However, 
it was not until the early I6th centuxy that 
Copernicus envisioned the solar system as we 
know it today. 

The invention of Galileo's telesocype in the 
16th century enabled man to e3q;>and his studies 
of the heavens manyfold. This tool enabled 
Kepler to detail the movements of planets around 
the Sun. Newton subsequent^ utilized Kepler's 
observations in the development of his laws ^ 
of gravl^ and motion. 



VLmy years passed before people accepted 
the fact that the Earth was not the center of 
the universe. However, it was finally realized 
that our planet Earth together with the rest of 
the solar system are but mere specks in the 
infinite sea of the universe. 

One might wonder why it has taken several 
thousand years of observation to determine such 
fundamental relationships. The problem has been 
and still is, one of perspective. It is impossible 
to find a position in space from urtiich to view 
all the parts thatcomprise the universe. Instead we 
have been forced to extrapolate from the limited 
observations obtainable here on Earth. For ex- 
ample, it is impossible for us to view our own 
gala3gr as a whole. However, 1^ observing other 
galaxies and comparing the observable parts of 
our own galaxy with them, we are able to generate 
a fairly accurate picture. Proceeding in this 
manner, man has been able to learn a great 
deal about his environment. 
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Our staTi fhe Sun, is one of about 100 Ullion 
stars rotating in the form of a spiral about the 
oenter of our galaxy, the "milky way". This 
spiral is roughly pancake in shape, having adlam-> 
eter of 100,000 lie^t-years and a thickness of 
10,000 light-years. ( One li^t-year is the distance 



that light, moving at 186,000 miles per second, 
travels in one year: nearly 6 billiOQ miles )• 
We are located at a position about 27,000 lig^t- 
years from the galactic center, rotating about it 
at atangential velocity of 200 miles per sec(»id« The 
period of rotation is around 200 million years. 



Most of the other stars in space are also 
formed in galaxies. These galaxies take the 8hcq;>6 
of spirals, such as our own, ellipses, and some 
irregular shiq[>es« The galaxy nearest to us is one 
of the Magellanic clouds at 200,000 light-years. 

The largest body of associated stars in the 
universe consists of a nimiber of galaxies (between 
10 and 10,000)« This body is called a local group. 
The local group of which we are a member con- 
sists of 13 galaxies in addition to our own. The 
distance between local groups is on the order of 
100 million lig^t-years. There seems to be little 
association among the member galaxies in a 
local group other than the fact that they move 
together throng space. The weakness of this 
association is indicated the distance between 
galaxies, roughly a million light-years. 
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A 8tu(ty of the movements of other groups 
in relatlcm to our own indioates fhat they are 
all moving aw^y f^om us at speeds directly 
proportlcmal to fhelr distances. Thus, there 
would seem to be a distance at which matter is 
moving faster than the speed of light, in con* 
tradlctlon to our present physical laws. We 
are irnaUe, at this time, to view objects at 
this distance and so caxmot confirm this extra- 
polation, however, many scientists seriously 
doubt its validity. 

Before looking further into space one must 
understand the fimdamental limit placed on our 
observations hy the finite speed of light. Much 
of the information from objects in space Is trans<* 
mltted by electromagnetic waves which travel im- 
pressively fast. Yet even at the speed of light 
it would take 4.2 years to reach the nearest 
star, 200,000 years to reach the nearest galaxy, 
100 million years to reach the nearest local 
group, and 2 billion years to reach the limit 
of our telescopes. 

Thus, when we look at objects in space we 
are seeing them not as they are now, but as 
they were many years ago. When one tries to 
look at the universe as a whole, he is faced 



with the problem ci being unable to view all 
its parts simultaneously. The difference in time 
between the nearest observable star and the 
furthermost is 2 billion years. 

With fliese thoughts in mind let xis now 
examine the theories and speculations of cosmo- 
legists, who deal with the nature and principles 
of the universe, and of the cosmogonists who 
deal with its creation. 

The "Big Bang " theory was first proposed 
in 1927 by Belgian astronomer Georges Lemaltre. 
Recently, this theory has been supported l^many 
scientists including George Gamow who has writ- 
ten a book. The Creation of the Universe, Accord- 
ing to Gamow, all matter in the universe was 
originally concentrated into an incredibly dense 
glob. The dimensions of this glob were as infinite 
as space Itself. Where was the center ? One must 
accept that an infinity of space or matter has no 
center. 

According to this theory^ creation began 5 
billion years ago with a gi^eX e^loslon which 
sent dust and gas hurtling through space in 
all directions, the stars eventually were formed 
from this e^qpandlng matter, and Gamow believes 
this expandii^ motion will never cease. 
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While oerfa^ln BoientiptB believe this theoryi . 
many siqiport the proposal of Bondi, Qoldi and 
UoylB developed at Camtiridgd in ^948. The 
Steady State Tteory, as it has been namedt 
suggests that the umverse has always been 
e^^andingi without the mcmient of creation that 
the **Big Bang" theory suggests. Hoyle says. 
'*every cluster of galaxies, every eitar; every 
atom had a beginndngi but not the universe 
itself 

Recent observations have stqpported Qamow's 
theory and» as a result, many soientistSi Including 
Hqyle, have moved away from the Steady State 
idea. Many other models of the imivecB^have 
been proposede Franois Baoon has sald/%ciai^ 



hypotheses with regard to the heavens can be 
formed differing In themselves^ and yet sufficiently 
according with the phenomena.'* This is quite 
true today, taut it is expected that bigger telescopes 
and observation posts on the Moon andln satellites 
will provide the information necessary to confirm 
the correct hypothesis. 

The environment that comprises outer space 
has been presented to prepare us for a more 
meaningful discussion of the technical aspects 
of space ei^loratton. Now that a firm footing 
of knowledge has been establishedi we will pro- 
ceed with a thorou^ examination of the technologies 
of the space agei 
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ASTRODYNAMICS 



GENERAL 



Astrodynamics is the application of the gen- 
eral laws of motion to objects moving through 
space. The launching of Earth satellites has 
ushered in a new era of importance. for this 
scientific Btady of the motion of bodies in space. 
Motion is a characteristic common to every- 



thing from minute electrons to planets spinning 
about the Sun, There is nothing in the universe so 
permanent, so stable, or so stationary that it does 
not have some sort of motion. 

Let us therefore begin our whirlwind tour of 
the mechanics of orbits and their determination, 
including the rendezvous problem, with a brief 
review of the basic laws of motion which evolved 
from the work of Kepler and Newton, 
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FUNDAMENTAL LAWS 

« Of all the early astronomersi Kepler was 
perhaps the most producttve. Based upon the 
observations astr(»omer Brahe and the helio- 
centric theory of Cqpernicusi Kepler derived 
three extremely useful laws. His First Law 
states that the orbits of the planets are ellipses 
with the Sun at one focus. The Second Law of 
Kepler states that the imaginary line joining a 
planet to the Sun sweeps through equal areas in 
equal times. In other words -the shorter the 
distance to the Sun. the faster the planet travels 
in its orbit. The Second Law can be easily (Se^ 
rived from the principle of conservation of angu^ 
lar momentum. The Third Law» called the 
harmonic law, states that the periods (the times 
required for one revolution of the planets around 
the Sun) are related to the mean distances of the 
planets from the Sun, \ 

Newton found Kepler's Law to be Just special 
cases of his laws of gravitation and motion. He 
extended this iqpproaoh to include ai^ body moving 
in response to a central force. The effects of the 
masses of the bodies were also taken into coi|^- 
sideration. These central force laws which govern 
the motion of planets about the Sun and ei^lain 
the ''orbits" of electrops in atoms are also valid 
for man-made satelUtes. 



ORBITAL MECHANICS 
Analysis 

The path that a body follows in space depends 
upon both the direction and speed of the body. 
It may follow a trajectory with unique beginning 
and end points (for example, from Earth to the 
Moon), or it may follow a cyclic path around a 
parent planet. Paths are usually closed such as 
ellipses and circles (a special case of an ellipse), 
or open (trajectories) such as parabolas or hyper- 
bolas. 

These basic types of paths are calculated by 
the techniques of celestial mechanics which em- 
ploy Kepler's laws, Newton's laws of motion, and 
the universal law of gravitation. 

In order to demonstrate the importance of 
Kepler's and Newton's laws today, let us work a 
problem of current interest. 

Consider a situation wherein we wish to 
estaUish a satellite in a circular orbit that is 
synchronous with the rotation period of the Earth, 
that is, the satellite goes around the center of 
the Earth once every twenty-four hours. We 
must answer two questions. How hig^ above the 
earth must the satellite orbit? And, what orUtal 
velocity must we give the satellite ? 
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From e3q)erieno6 we can substitute the moon*s 
period of rotation (27.32 d&ys) for(Fb). We might 
insert the moon's distance (approximately 239|000 
miles) for {Bq) but to avoid a tedious operation 
Mrilth large numbers we can scale all distances 
to the lunar distance which can be set equal to 
unity. We can then solve for the satellite's dis^ 
tance (ax ) as a fractional part of the scaled lunar 
distance therein obtalnii^ a separation distance 
of 0.11 lunar distance (26|290 miles from the 
center of the Earth). Subtracting the radius of 
Earth (3960 miles) from the separation distance 
will give us the reqaired orbital altitude of 22,330 
miles above the surface of the Earth for a syn- 
chronous satellite. 



The easiest way to solve the altitude part of 
our problem is by using Kepler's third law. This 
harmonic law relates the ratio of the squares of 
the periods. (P; )^/ (Pa)^ of two satellites to the 
ratio of the cu>ies of their mean distancesi (ax f / 
(as) 9 from tL^ center of force. 

iPif (^ 

Equation (1) 

In our case, to determine the altitude, we'll use 
ouv natural satellite, the moon, as the second 
orbiting bod^y for oomparison. In equation (1) 
substitute one day (twenty-four hours) for the 
period of the synchronous satellite, (Fi ). 





(1)' 
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(27.32)* 
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= 2S29B niles, 

OR 22,330 MILES ABOVE EARTH'S SURFACE 



■■■^■■^■^■■■■^ If we wish to establish a satellite with a syn<* 

^^^^^^^^^^^^^^^^^^^^^^^^1; chrcuous period that also remains < 'stationary" 
^^^^^^^^^^^^^^^^^^^^^^^^■v^ oyer a fixed geogrsq^diical point we must meet 
^^^^^■^^^^■^^^^^^^^^^^■i ;;; three requirements: (1) The period of rotation 
^^^^^^^^^^///BK^^^^^^^^^^mSu-:. must be synchronous iitith the Earth's rotation 
^^^^^^^^^^^^^^^^^^^^^■i; (24 hours), (2) The orbital plane of tlie satellite, 
^^^^^^^^^^^^^^^^^^^^^^^^■^^^^ivhioh includes the canter of the Earth, must 
^^^^^^^^^^^^^^^^^^^^^^^■^MX)!^^ equatorial plane to in<* 

^^^^^^^^^^^^^^^^^^^^^^^^ip^siuh^^^ TO relative motion of the 

^■^^■^^^^^^^^^^^^^^^^■Ip s^ satellite must orbit in the 

^^^^^^^^^^^^^^^^^■^^^^H^l^iame direction a^ the rotation of the Earth (from 
^^^^^^^^^^^^^^^^^K^^^^^^^^Vf^Bt.io_ East). When these three orbital condi- 
^^H^^^^^^^^^^^^^^^^^^^^^HmUo met at an altitude of 22,330 miles over 

^^^^^^^^^^^^^^^^^^^^^^^^■^Jbib e^^^ we have inAiat is popidarly called a 
^^^^^^^^^^^^^^^^^^^^^^■p|syi^^ orbit. Such a satellite, with only 

remain nearly sta- 

I^^^^^H^^^^^^^^^^^^^^H^tki^^ fixed geogrflfAiical point on the 

P^5HPIi!RS!SrWHW|ili^ be geostationary. 

■ 29 . 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 



As the second requirement of our problem 
(to maintain the synchronous altitude) the satel- 
lite must have the proper orbital velocity (or 
inertia) to offset the gravitational attraction of 
the Earth. To calculate this velocity we counter- 
balance the attractive force of gravity by an 
equivalent centrifugal effect. The satellite falls 
in a curve that parallels the curvature of Earth, 
hence it keeps a constant altitude despite * falling'' 
under the force of gravity. 

This balance can be represented by an equa- 
tion: The left side of the equation (2) represents 
the centripetal force and the right side represents 
gravitational attraction with its dependence on 
ttie square of the distance of separation between 
mass centers. 

mg R^ 

7 ' 7 



Equation (2) 

We can solve equation (2) for the required syn- 
chronous velocity v of a satellite of mass m 
since we know r, the satellite's separation dis- 
tance (26.290 miles). R is the Earth's radius 
(3960 miles), and g is the gravitational accelera- 
ticm (about 32.2 ft/sec^ at the surface). With 
these substitutions and proper conversion (k units, 
we obtain v= 1.91 mi/sec. (6,876 mi/lur). This 
is the velocity necessary for a satellite to orbit in 



a near circle at 22,330 miles above the surface 
of the earth with a synchronous 24-hour period 
of rotation. 

Establishing Orbits 

The classical procedure to establish an arti- 
ficial satellite in orbit about the Earth consists 
of three phases: (1) launch, (2) programmed 
maneuvers to the injection point, and (3) injection 
into orbit. 

In order to lift the vehicle quickly out of the 
atmosphere for efficient rocket operation, a space 
vehicle is usually launched in a vertical mode. 
Then it is maneuvered reaction controls along a 
flight path which takes it to the injection point at 
the desired altitude. For maneuvers to the in- 
jection point, there is an important velocity com- 
ponent that cannot be ignored. This is the velocity 
component of the spacecraft due to the Earth's 
rotation on its axis. Dividing the circumference 
of the Earth at the equator (about 25,000 miles) 
by its period of rotation (24 hours) we find that a 
point on the equator moves at about 1,040 midi 
in an Easterly direction. Atlatitudes either above 
^or below the equator , the easterly velocity of a 
point is determined roughly by multiplying the 
equatorial velocity the cosine of the latitude. 
This velocity decreases as we go either North 
or South until, at the poles, it becomes zero. At 
the injection point, after progranamed maneuvers 
'place the vehicle in the proper altitude and head- 
ing, the injecticm prppulsicm stage is fired to 
impart the exact velocity required to establish 
orbit. 
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X IS EQUAL 
ERIODS EQUAL 




If at Injection the direction of the ^loo.ity 
vector is horizontal with respect to the Earth 
(tangent to a concentric circle for that altitude), 
and If the magnitude of the velocity is precise^ 
correct for that altitude, the satellite will enter 
a circular orbit» However, If the directiph of 
the velocity vector is inclined to the horizontal 
the satellite will enter an elliptical orUU Its 
apogfie (point farthest from Earth) will then occur 



Different orbital velocities are required to 
establish circular orbits at different altitudes 
above the Earth* In each case, the injecting stage 
of ttie booster must Mcurately produce aspecifio 
velocity for circular orbit. For example a satel- 
lite dose to Earth at an altitude of about 175 
mUes requires a velocity for circular orbit of 
about 17,300 mph (5 mps). For one at 10,000 
miles the velocily requirement drops to about 
9,400 miles per hour. The Moon, our natural 
satellite at about 240,000 miles, possess an or- 
bital velocily of only about 2,200 miles per hour. 

These variations in orbital velocily require- 
ments at different distances from the Earth 
result from the decrease in gravitational attrac- 
ticxi with distance. Oravitaticnial force must be 
counterbalanced by centrifugal effect or the hody 
falls to Earth. Since gravitationalforce decreases 
as we go farther ftom the Earth, less centrifugal 
effect is needed to counter-balance it. A freely 
moving object in orMt moves at slower velocities 
as its distance from the center offeree increases. 



either forward of the injection pointif the velocity 
is inclined upward from the horizontal, or rear- 
ward of the injection point in the orbit if the in<- 
Jection velocity is inclined downward. A tilt error 
of only 1.5 degrees can cause a difference of 100 
miles in apogeiBS compared to a circular orUt. A 
velocity ma^tude error of only 2 ft/sec will give 
a difference of about 1 mile in comparative 
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This is Simply a oonsequenoe of gravitation and 
the principle of conservation of angular mcmien- 
tum as stated in Kepler's second law. 

Changing Orbits 

Now let's examine a few hypotbetioal orbit 
changes in space. Assume that we have been able 
to put a satellite into orbit at an altitude of 300 
miles where it would travel nearty five miles 
each second. At this altitude and velocity the 
curve of the satellite's orbit is the same as the 
curvature of Earth. So, in essence, the satellite 
falls around the earth at a constant attitude (it 
is in circular orbit). Nothing holds it tip; it is 
continually falling at the same curvature as the 
Earth's surface. 

Suppose we alter the velocity of this satellite 
1^ firing retro-rockets to slow it. The satellite's 
velocity is therelqr reduced from the required 
five to three miles per second. The centrifugal 
e&ect decreases and the balance with gravity is 



upset. The satellite will descend into the Earth's 
atmosphere where it either will disintegrate or 
impact with Earth. 

Suppose we fire the rockets in a direction to 
increase the satellite velocity to about 6 miles per 
second. The centrifugal effect will increase. 
Once again the balance between gravity and cen- 
trifugal effect has been upset and the satellite 
will move out to a greater distance. Near iqpogee 
the gravitational pull of the earth has deoreaaed, 
but so also has the satellite's velocity. The veloc- 
ity decreases, however, at a greater rate as the 
kinetic energy of the satellite is exchanged for 
potential energy of position in the Earth's gravi- 
tational field. Whenthecentrifi^lal effect becomes 
less than the effectof gravity, thesatellitereaches 
apogee and begins to move towards Earth« As it 
moves downward, its velocity increases because 
of the change potential energy into kinetic energy 
imtil at perigee (point closest to Earth) it has 
regained its original 6 miles per second. Then 
this cycle repeate. The original circular orbit has 
become elliptical. 




If one applies the increas ed thrust at the cqpogee 
of an elliptical orbit it is possible to change an 
elliptical orbit into a larger circular orbit. This 
method of boosting at upogbe is one way to achieve 
a hither orbit. It is frequently called the <'kiok- 
in-the-^>ogee" technique. 



Esoiqpe Velocity 

To better understand the critical influence 
of velocity on orbital paths, let's consider other 
trajectories of a space vehicle. A spacecraft 
will assume an open-ended path if its velocity 
equals, or exceeds, **eBOBpe velocity'V Escape 
velocity is that threshold velocity with which 
the body must move if it is to overcome gravity 
and escape nearly bodies. It is adifferent veloc- 
ity for every point in space. For interplanetary 



trips the spacecraft must be accelerated to above 
esoiqpe velocity from its parent planet. Escape 
velocity from launch is a function of the size 
and mass of the bo4y from which the satellite 
it to eso^Md. For example, to escape the Moon, 
which is light and small, will require an escape 
velocity of about 1.6 miles per second. For a 
vehicle launched from the surface of the Earth 
the escape velocity is about 7 miles per second; 
item massive Jupiter it is about 37 miles per 
second. 
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At precisely escape velocity, the body takes 
up a parabolic trajectory in space. Velocities 
greater than escc^ velocity cause the hoAy to 
arc into space on a hyperbolic path. Velocities 
less than escape velocity result in closed paths. 
These are usually ellipses in which the satellite 
is bound to the planet by gravity. Esoiqpe velocity 
then is the dividing line between local flij^ts 
and interplanetary flights to other celestial 
bodies. 





We have yet another velocity factor which 
must be considered on interplanetary flights 
beyond the Moon. This factor results from the 
Earth's orbital velocity about the Sun. While 
still on the launch pad, our spacecraft is already 
traveling at a velocity around the Sun at about 
18.5 miles per second. This velocity component 
stays with any spacecraft that is in orbit about 
ttie Earth. However, if we use rxpper stages to 
prqiel the spaceoraiEt to escape in the same 
direction as the Earth's velocity about the Sun 
v;e will give the spacecraft a greater velocity 



relative to the Sun than that of the Earth. The 
spacecraft would then move farther from the 
Sun than the Easrth's orbit so it mi^t rendezvous 
with an outer planet such as Mars. Conversely, 
if we used upper stages to propel the spaceoridtt 
to escape in a direction opposite to the Earth's 
velocity aixmt the Sun, then the spacecraft 
will have a resultant velocity about the Sun less 
than tibat of Earth. It would then move into a 
path closer to the Sun so that it might rendez- 
vous with one of the inner planets such as 
Venus. 
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Interplanetary Flights 

The Ranger. Surveyor^ Lunar OrUter and 
Apollo programs to es^lore the Moon are steps 
toward interplanetary travel. Let us examine 
the velooity requirements lor a fli|^t from Earth 
to the Moon. Assume that we have established 
a spaoeoraft in a 300 inile parking orbit virith 
the intent to impaot on the Moon. At 300 mile 
altitude, a velooity of about 35,000 feet per see- 
ond is neoessary to leave Earth for the Moon. 
The trajectory^ shown is as it would qipear to 
an observer sitting over the North Pole. The 
ois-hmar porUon of the trajeotory between Earth 
and the Moon is oonipleted in about two days. 
Then the effeot of the Moon^s gravitationalat- 
traction becomes evident as it causes the terminal 



portion of the spacecraft's trajectory to curve 
into Moon impact. 

The importance of slight variations in tHe 
initial velooity neoessary for transfer into a 
moon trajeotory should be en^hasized. For a 
velocity that is only 35 feet per second too low, 
the impaot point moves from Moon center to the 
Western limb of the Moon; for 50 feet per second 
too hig^, it moves to a point beyond the Eastern 
limb. Even with these small changes in velocity, 
some impact points would not be visible from 
Earth. However, errors of from -35 to +50 feet 
per second around the designed transfer velooity 
will accompUsh sinq;>le lunar l^aot. Even so, 
you can see that there is UtUe room for error. 
In practice, midcourse and terminal guidance 
corrections are normally applied. 



ORBIT DETERMINATION 
Observations 

Let us reconsider Earth orbits and see how 
they are described analytically. The computation 
of orbits is based upoa the procedures formulated 
by early mathematicians, Qibb8« . . Lq;>laoe 
• • Xagrange* 

In general, the actual analysis of spaoefli^its 
consists of two major phases of computation. 



The first of these is the initial dfltarminftHnn of 
the orbital elements, and the second is the im? 
provement of the aoouraoy of the orbital elements. 

One procedure to determine an orbit initially 
is to take three or more sets of observed values 
for the satellite's position andtlme-rate of change 
of position in any 3«dimensional coordinate sys* 
tem. From these observed values we can solve 
the differential equations of motion of the satel- 
lite. Thef9e equations of motion when integrated 
yield six constants which are^usuaUy called the 
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ORBITAL ELEMENTS of the satellite. The or- 
bital elements analytically describe an orbit in 
space. 

The six orbital elements generally used to 
describe an orbit about Earth at a designated 
time (EPOCH) are (1) INCLINATION. (2) SEMI- 
major axis, (3) eccentricity, (4) right 
Ascension of the ascending node, (5) 

ARGUMENT OF PERIGEE and (6) MEAN ANOM- 
OLY AT EPOCH. 

Orbital Elements 

We will briefly examine these orbital elements 
in order to obtain a better understanding of their 
meaning and to see how they do indeed define an 
orbit. 
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The ii:^Bt element is the INCLINATIQN of fhe 
orUtal plane. InCUnatton 1b fhe angle between 
the plane of the Batellite^s orbitand the equatorial 
plane. The inoUnation determines the Batelllte's 
path over the surface of tibe Earth. Since the plane 
of the orUt must Include the 6enter of gravity of 
the Earthi the inclination determlncB the hi^st 
latitude that the ground path of the satellite traces 
on the Earth. 

At one extreme Is an orUt at sero degrees 
inclination (an orUt which Is In the equatorial 



plane). Such a satellite will pass only over the 
equator. 

At the other extreme is the polar orbit at 90 
degrees Inclination. The plane of a polar orUt 
includes both poles. A satellite in polar orUt 
will eventually pass over the entire surface of 
the Earth, since, as the satellite orUts In a North- 
South direction, the Earth is revolving on its axis 
in an Easterly direction. This orUt Is advan- 
tageous In observing all of the EarthperlodlcaUy. 



36 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 



Inclinations between these two extremes will 
cause the satellite to pass over only those points 
on the surface within the band of latitudes whose 
upper limits are determined by the inclination 
an^e • At an inclination angle of 40 degrees to the 
equator the satellite will pass over the surface 
areas between latitudes of 40 degrees North and 
40 degrees South, 

One point should be emidiaslzedagaini namely, 
that it is not possible for a free moving satellite 
to travel along lines of latitude or to remain 
stationary over any geogrllphical pointi except as 
discussed earlier for equatorial points and asyn- 
chronous satellite. Since any orbital plane must 
also contcin the centef' of gravi^ of Earth, the 
only line of latitude 8^t which this condition can be 
met is an equatorial orbit. Any other set of con- 
ditions will project as a repetitive ground track 
pattern on both sides of the equator. 




The next element, the SEMI-MAJOR A3as. 
indicates maximum size of the orbit. The major 
axis is the distance (rp -f t^) between the perigee 
and apogee. The seml-major axis is half <d 
this distance. 
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ECCENTRICITY defines the shape of the orbit, 
either circular or elliptical. If we consider a 
circular orbit as a basis, it tells us how much the 
orbit has departed Ifrom a circle. One need only 
know the satelllte'u perigee (rp) and qpogee (rg^) 
distances and this simple e^qpression 

e « r^ - rp 



i\ + rp 



to determine ihe value of eccentricity (e). Eccen- 
tricity tells U6 how elongated, or eggshiq[)ed, the 
orbit is. 
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Before we define our next orbital element it 
is necessary to discuss nodes. Nodes are the 
intersection points at which the orbital path of 
the satellite pierces the equatorial plane. The 
node formed when the satellite is traveling down- 
ward (North to South) is called the descending 
node while the node formed on the upward swing 
(South to North) is called the ascending node> 
The line formed the intersection of the or- 
bital and equatorial plane is called the line of 
nodes since it includes both nodal points. 





However these nodes da not project to any 
fixed geographical locations on the Earth's sur- 
face because of its rotation. Hence the orbital 
element called the RIGHT ASCENSION OF THE 
ASCENDING NODE is necessary to help define 
the orbit relative to the Earth. This element 
could be considered to be the longitude of the 
ascending node. It is the angle* measured at 
the center of the Earth* between the direction of 
the ascending node and a direction fixed <<per- 
manently*' in space. This fixed direction is 
usually towards the firsjt point of Aries (that i8« 
the direction of the Sun when it crosses the 
equator at the time of the vernal equinox). This 
angle is measured in the equatorial plane In an 
Easterly direction. This element defines the 
orientation of the orbital plane without respect 
to the rotating coordinates of the Earth* or more 
correctly* it fixes the direction that the orbital 
plane faces in the Solar System relative to fixed 
stars. It can be projected to a geogrq;)hical 
point on the equator for any specific time desired. 




The relative orientation of the orbital path 
in its plane is accomplished Jay fixing the location 
of the major axis hy measuring an orbital ele- 
ment called ARGUMENT OF PERIGEE . It is the 
angle, at the center of the Earth* measured in 
the plane of the orbit and in the direction of 
satellite motion between the ascending node and 
the perigee position. Because the Earth is not 
a true homogenous spheroid this element gen- 
erally varies with time. That is* perigee is not 
fixed in space but gradually moves in the orbital 
plane due to perturbatio/is. 
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The Mean Anomoly at Epoch la an angle cal- 
culated tyy taking the product of the mean angular 
speed over the orbital period by the time elided 
at Epoch (that is, the time of hiterest) since peri- 
gee passage. The actual angular position of the 
satellite relative to perigee is called the True 
Anomoly. and may be predicted from the mean 
anomoly from the known relationships of geo- 
metric figures. To predict where the bo(ty will 
be at any future time, a Mean Anomoly is calcu- 
lated 1^ using the Mean Angular Movement from 
the perigee point and the eltqpsed time from 
perigee. The corresponding true anomoly is then 
determined, which provides the predicted position 
of the satellite. 

As discussed, these six orUtal elements do 
define an orbit 1^ defining size, shape, path over 
the Earth's surface, orientation in the solar 
system, and the orientation of the major axis 



in the orbital plane. Furthermore since the ele- 
ments are constantiy changing they must all be 
related to a common time of observation or pre- 
diction called EPOCH. 




Orbital Computations 

With the orbital elements eiqplained, we can 
now represent the orbit in any particular co- 
ordinate system. One should choose the most 
convenient coordinates for the job. A heliocentric 
coordinate system with the Sun as the or ig^ would 
be most useful for interplanetary space flights, 
while the geocentric coordinate system would be 
preferred for Earth satellites. 

When we have transformed the measurements 
of the elements into the desired coordinate sys- 
tem we oan compute (usually with the aid of hij^ 
speed computers) the future values of the elements 
for a particular time. We observe the elements 
at this time and check our predictions. 

Then we begin the secondstep in orbit analysis: 
inoprovement of the initial elements. By com- 
paring observed and computed values for a com- 
mon time, we obtain correction incremento. These 
incremento are again used to improve or correct 
the computed values. This comparison must be 
a continuing process because of the many dis- 
turbing influences on the orbit, called PERTUR- 
BATIONS, that cause departure from an idealistic 
solution. 

These perturbations include (1) effecte of a 
non-homogenous, non-spheroidal Earth, (2) in- 
fluence of the Moon, (3) drag on the satellite due 
to minute air resistance and magnetij) fields, and 
(4) the pressure of radiation and solar winds 
from the Sun. 




The pre-calculated vahies are tabulated to 
give a table of predicted positions for the satel- 
lite as functions of time. . .in other words, we 
make up an EPHEMERIS for a satellite. An 
Ephemeris is tabulation of time-related posi- 
tions of the satellite similar to the Nautical 
Almanac which catalogs Information on oelestiial 
bodies. An almanac is, in fact, an Ephemeris 
on stars and other bodies. 

Even with hipi speed computers, orbit analy- 
sis is a laborious and time-consuming process 
but knowing tto exlBUSt position of a sntellite is of 
primary importande; Without such jireoise orbit 
analysis the use of satelUtes for practical pur- 
poses would be ineffective and rendezvous of space 
vehicles would be severely limited. 
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FINAL RENDEZVOUS POINT 



















Space Rendezvous 

Rendezvous of space vehicles is a phase of 
space operations that is becoming most important 
to the future of manned space flights. It was one 
of the major objectives of successful Project 
GEMINI, it is essential to the success of the 
planned flights of American astronauts to the 
Moon and back» Project APOLLO, 

The inherent difficulties with space rendez- 
vous arise because two bodies with high veloc- 
itieSi and therefore large kinetic energies and 
momentumi must be maneuvered to arrive at 
the same placei at the same timet moving in the 
same direction» with the same speed. As one^ 
indication of the complexity of the problemi it 
taikes sixty thousand times more energy to de- 
flect an orbiting q>acecraft than it does to deflect 
an automobile (traveling at 100 mph) through an 
equal momentum change. Further complications 
exist since energy for maneuvers to achieve 
rendezvous must be accurately c^plied at critical 
times in the orbit. 



Let us examine the general c^roach used 
successfully in the GEMINI rendezvous flints. 
First of all» an ATLAS booster placed on an 
AGENA target into a 161-mile circular orbitwitfa 
an inclination dL about 28,87 degrees* During the 
first orbit of the AGENA, its orbital elements were 
precisely determined. About 4 minutes after the 
AGENA completed its first orbit and passed near 
the launch site, the GEMINI interceptor was 
launched into a lower orbit with nearly the same 
inclination as AGENA, The GEMINI orbit was 
not circular, however, butelliptlcal with an fi4X)gee 
at 141 miles and perigee at 87 mil^s. Because 
its average altitude was lower than that of the 
target, the interceptor by Kepldr's law had a 
shorter orbital period (l>y about one minute) 
than the AGENA, So, although inserted about 
:>I200 miles behind the target, GEMINI overtook 
the AGENA at the rate of about 4 degrees or 300 
miles per orbit. While this chase progressed, 
the orbital elements of each vehicle were further 
checked. The GEMINI made plane changes while 
the catch-up rate was adjusted changing its 
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perigee • When witbln about 250 miles of fhe tar- 
get, rookets on the GEMINI were fired near 
Bpogfie to circularize its orbit at 141 miles. 
Again, because there was still a difference in 
altitudes^ the GEMINI had a shorter period and 
continued to close on the AGENA. At about 200 
miles the GEMINI radar acquired the AGENA. 
Shortly thereafter, while both vehicles were still 
15,000 miles and nearly 3/4 of an hour from the 
final docking point the GEMINI astronauts initiated 
thruster control. Near interception the space- 
craft were roughly 20 miles apart with a closure 
rate of about 40 miles per hour. The astronauts 
could clearly see the AGENA. as they came 



nearer, the closure rate was reduced. From 
about 50 feet e^art until final docking the rate 
was set at a relatively constant 1/2 foot per 
second. 

Upon docking, the GEMINI and AGENA were 
mated physically and electrically so that the 
astronauts could utilize the AGENA's restart- 
able rocket for further maneuverings. The 
GEMINI successes in the rendezvous technique 
marked a long stride forward toward the APPOLO 
Moon Project and showed conclusively that astro- 
nauts could not only sail the starry oceans but 
bring their ships to dock in space. 
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ROCKET PROPULSION 



GENERAL 

Since rookets represent the only known means 
of propulsion for the esqploration of space » the 
study of rocket propulsion is basic for an under- 
standing of vehicles which carry men or instru- 
ments into space. A rocket propulsion system 
carries all the material required for its opera- 
tions it is a self-contained power plant. In one 
sense this represents a drawback because it 
must carry all the propellant required for tbe 
complete mission. Hencoi the useful payload 
^<tf a rocket is but a relatively small portion of 
the total weight of a rocket at liftoff. However, 
In an advantageous second senssi rockets are not 
dependent on their environment for power and 
can penetrate into deep unknown areas of space. 

Rocked engines are a sub-division of the broad 
classificavion of engines called reaction engineEi. 
The principle of these engines is stated in New- 
ton^s third law of motion, ''for every action there 
is an equal and opposite reaction'*. 




A rocket engine accelerates a mass of mate- 
rial (propellant) and then e^ls it at a hig^ 
velocity to cause reactive forward thrustopposite 
to tbB propellant exhaust* 

The rocket engine differs from other reaction 
engines such as a Jet shown accompanying it in 
the illustration on the next page. 

In the vpper portion of the diagram we see 
the sohematic of a Jet which is a reaction engine 
that is quite familiar: for examptoi the German 
ramjet V-1 buzz-bomb of World War Hi or to- 
day's turbojet conmieroial airliners. Although 
a Jet carries its own fuel it depends upon the 
oxygen, it compresses from the atmosphere to 
bum its fuel. A Jiat*s qperaUon therefore is 
limited to altitudes where there is sufficient 
atmospheric oxygen. A rocketi shown in the 
lower portion of the dlagrami carries both fuel 



and oxidizer. It will function better in the hard 
vacuum of space than within the atmosphere. 

The most frequently used terms to describe 
capabilities of rocket engines a^ THRUST* 
THRUST-TO^WEIGHT RATIO, SPECIFIC IM- 
PULSE, EXHAUST VELOCITY, MASS RATIO. 
These charaoteristio terms will be defined 
briefly. 

THRUST is the amount of reaction force de- 
velq[)ed throu|^ acceleration of the e3q)ellant 
material. Thrust is usually e3q;>ressed in units 
of pounds. Thrust is most meaningful ^en it 
is related to the ambuntof weight that it must 
move, ^oh leads directly to a comparison of 
thrust and weight. 

The THRUST-TQ-WEIGHT RATIO is ttie re- 
lationshlp between the amount of thrust developed, 
and the weight of the system. It is obvious that 
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for a vehicle to rise from the ground» thrust 
must exceed vehicle weight. ThereforOi the 
thrust-to-'weis^t ratio of a booster must be 
greater tlaan unity. In space» weigjht as we know 
it» is dimUnished because of reduced gravity. For 
this reasoui a system with a thrust-to^weight 
ratio of less than unity may be used to accelerate 
a pi^load in space. 

The next term to consider is the SPECIFIC 
IMPULSE , It is one of the most important per- 
formance parameters used in discussing rockets. 
We mustfirsti however, understand a more basic 
term, impulse. IMPULSE is the product of the 
force that is exerted on the system times the 
amount of time that the force is acting. It is 
found by multiptying the thrust times the burn- 
ing time. Impulsoi then is esqpressed in units 
of pound-seconds. SPECIFIC IMPULSE is the 
amount of impulse we derive from each pound of 
fiiel burned; it is an indication of the relative 
fuel efficiency. Specific Impulse can be calcu- 
lated hy dividing the impulse hy the weight of 
propellant consumed during the time of the im- 
pulse. It is easily seen that the units c£ specific 

topulse are <force)-sec axbov^it 



is not Strictly correct, it has become common 
practice to cancel out the pounds and esqpress 
8i>ecific impulse in seconds. 

Next we define EXHAUST VELOCITY, symbol 
C. This is the speed, usually e}Q)ressed in feet 
per second, at which the exhaust material is 
expelled from the vehicle. One important fact 
to note is the relationship that exists between 
the molecular wei^t of the expelled gas and 
the specific impulse and the exhaust velocity. 
If the exhaust temperature remained C(»stant 
and the molecular weight of the esqpelled gases 
decreased, the specific impulse and es^aust 
velocity would increase. 

The final term is the MASS RATIO .f^h which 

formed dividing the vehicle gross weight at 
launch (Mo) the vehicle wei^t when its fuel 
has been esqpended (M). This ratio is always 
gr'eater than one. For maximum velocity or range 
it should be as high as possible. Current rockets 
operate with a fiiel mass ratio of about 5; in 
other words, a missile would carry enough pro- 
pellant when fully loaded to account for 80 per- 
cent of its weight. 
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The generalized equation shown in fheilluBtra- 
tion is useful in relating some of the terms Just 
discussed. It relates the velocity of the rocket 
(C) or the specific impulse (Isp) in terms or the 

natural logarithm of the mass ratio (^). Obvi'- 

ously the final velocity (V) is a very important 
parameter, because the greater the cq[>abiUty 
for final velocity i8» the more energy there is 
available to put a payload into orbit, or to deliver 
a ballistic missile further downrange. As de-- 
duced from the formula, the final velocity can 
be eiqpressed as a direct function of the exhaust 
velocity (C), therefore, an increase in exhaust 
velocity produces an increase in final velocity 
(V). Although it is less directly effective than 
an increase in (C), an increase in the mass ratio 
would also increase final velocity. Inothervirords, 
the greater the percentage of v^ight of propel- 
lant carried, the greater will be the achievable 
final velocity. 




Examination of the second formula indicates 
that increasing the specific impulse (Isp) will 
also increase the final velocity. For this reason, 
much of the effort in the field of rocketry today 
is devoted toward the development of propel- 
lants with higher specific impulses. In the for- 
mula, <<g" represents the acceleration due to 

Ma 

gravity, and the final factor(ln ^)is the natural 
logarithm of the mass ratio. 



Before we discuss the various types of rocket 
engines we should recognize the predominant 
characteristics and advantages of each. The 
acconqpanying diagram shows the relationship 
between the specific impulse (Isp) and the thrust- 
to-weight ratio (T/W) for various categories of 
engines. *It* represents an overall view of the 
propulsion field. Engine thrust-to-weig^t ratio is 
plotted on the horizontal axis on a logarithmic 
scale. The specific impulse of the prppellant 
engine combination is plotted on the vertical axis 
in seconds, again on a Ic^afitbmic scale. The 
characteristics for three general categories 6t 
ongines - chemical rooketSi nuclear heat trans- 
fer rockets, fmdfeleptri are plotted; " 




The block in the far lower rigfht represents 
the general category of hig^ performance chemi- 
cal rockets. 

The chart shows that chemical rockets pos- 
sess very hig^ engine thrust-to-weig^t ratios - 
on the order of several hundred; however, when 
coDipared with other types of rockets which are 
being developed, the specific impulse, or fiiel 
efficiency, is relatively low. 

Moving to the left down the scale in thrust- 
to-weig^t ratio we notice that nuclear engines 
have a thrust-to-weight ratio of the order of 
ten, quite reduced from chemical rockets. How^ 
ever, nuclear rockets possess comparativety 
higher specific impulses (they range from 800 
to 1300 seconds). With such a considerable in- 
crease in spebUic impulse, nuclear reactors 
have definite potential for use in space. We 
will discuss them later in this chapter. 

The groiqp of engin<es in the iqqper left are 
the electrical rockets (the plasma or electro- 
magnetic Jet, the arc Jet, the ion accelerators). 
Because their thrust-to-wei^t ratios are small 
fractions, they can never be used to left a vehicle 
from Earth, but because of their tremendousty 
Ugh specific impulse (currently testing at 5,000 
to 10,000 seconds), they may achieve high veloc- 
ities over extended periods of time. Many ex- 
perts feel that they will afford a practicable 
means of propulsion for long range fliglits be- 
yond the nearest planets. 
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With this brief introduction to the fundamental concepts and descriptive 
terms relating to rocket engines, we can proceed to a more detailed examina- 
tion of the operating characteristics of the three types of rocket engines. 
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CHEMICAL ROCKETS 

The chemical rocket satisfies two basic re- 
quirements for space flight propulsion. These 
requirements are (1) the ability to overcome 
the effects of gravity by boo(?ling a vehicle from 
Earthy and (2) the ability to :a.aneuver the vehicle 
in the vacuum of space. i>,lO^)Mfgti various other 
types of rocket engines i^^v^ been proposed to 
accomplish the second of these requirements, 
the chemical rocket engine stands today as the 
only (^rational system that has performed both 
with a hig^ degree of success. 

The chemical rocket combines a fuel and 
an oxidizing agent chemically to produce hot 
gas. This gas is e^qpanded through a convergent^ 
divergent nozzle ^ch esqpels the material at 
a siqpersonio exhaust velocity to produce rocket 
thrust. 

Chemical engines are subdivided into types 
according to . the state in which the fuel and 
oxidizer are stored. The major categories are 
liquids, solids, and hybrids. 

Liquid Prcpellant Rockete 

Because of their high thrust-to-wei^t ratio, 
liquid prcpellant rockete have been used as the 



primary boosters on most of our space flig^te 
to date. They are also frequently used for ma- 
neuvering in space. The eng^es, excluding fuel, 
range in size from a small tennis ball to over 
18 feet in length. Thrust also varies from a 
small fraction of-a-pound to over 1.5 millions <rf 
pounds. 
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Regardless of sizei liquid propellant engines 
have essentially the same basic components; a 
thrust ohainberi tanks filled* ^th fuel and oxi- 
dizer, and a pressurlzatlon system or pumps to 
get VbB liquids out of the tanks. 



Several major design problems exist with 
liquid rockets. To mention just a few « « .the 
problem of nozzle sklrt-to-throat ratio, the 
problem of cooling, the problems of thrust vector 
control and avoidance of combustion Instabilities* 



Nozzle design presents the problem of 
selecting the rig^t ratio for the area of the nozzle 
skirt. Ideally, full esqpanslon of the exhaust gases 
should be reached as the gases reach the end of 
the nozzle skirt. Nozzle design would be rela- 
tively simple if the external ambient pressure 
around the nozzle renialned constant, however, 
Su6h is liot the case for a rocket that ohahges Its 
altitude. The diagram; shbWs the effects caused 

using a nozzle in different pressure environ* 
niehts. In the Icwer iM>irtlon of the diagram we 
see an engine opet'atlng in its design ehvixtm- 



ment — at the proper altitude and pressure. The 
gases reach their ftill e^qpanslon Just as they 
exit the nozzle, thus converting all of their heat 
energy to kinetic energy of the rocket vehicle. 

In the center section of the diagram we see 
a nozzle operating at a hig^r altitude, and there- 
fore at a lower pressure, than that for whloh it 
was designed. The gases still ei^and after they 
leave the nozzle. This energy of late esqpansion 
is wasted and does not contribute to rocket thrust. 

In the upper portion ot the diagram an engine 
is working at a lower altitude, and therefore a 
hl|^r pressure, than the design pressure. The 
gases reach their full e3q[)anslon before they exit 
the nozzle, and flow separation from the nozzle 
skirt occurs* The length of the nozzle beyond^ 
this point serves no useful function. In fact, it 
increases vehicle weight not only Iq^ its own wasted 
weight but also the wel^t of any interstage 
structures necessary to accommodate this extra 
leiigih. 

Because of these considerations nozzles are 
diBSlgned with different dimensions. For example, 
a booster engine has a sklrt-to^tfaroat area 
tatlo of about eig^t for optimum use at low alti- 
tudes, while a ratio for use in an upper stage 
engine will range 19 to fifty, thereby allowing for 
much greater e3q[)anslon at hi^ altitudes. 
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A second design problem is that of cooling. 
With combustioQ temperatures reaching SiOOO^F, 
there are few materials which can withstand the 
heat generated in the chamber during a full 
duration firing. One answer to this problem has 
been to fabricate the chamber skirts oi hollow 
tubing. This permits regenerative cooling of 
the chamber walls hy the prqpellant which runs 
throu{^ the tubing prior to entering the chamber. 
The propellant absorbs a great deal at the heat 
from the walls of the chamber In this manner. 
FurthermorOi the use of hoUoW tubing in fabri- 
cating the skirt actually reduces nozzle weight 
compared to solid metal skirts. 

Ablation is a other method of cooling that is 
sometimes used to protect the thrust chamber. 
It is most adiq[>table for light-weight t^per sti'ge 
engines. The chamber and nozzle are constructed 
of fiberglass impregnated with a plastic resin. 
The resin is viqporized 1^ the hot combustion 
gases (thereby cooling the chamber walls). The 
vaporized resin chars and blows out with the 
e^diaust gases. There is very little dimensional 
change in the nozzle during this ablative cooling 
process. Thrust chambers can also-be cooled 
1^ radiating , away excessive heat. For this pur- 
possi a chamber is iisually made of a very thin 
titanium alloy through which the heat passes 
easily. It is then radiated rapidly out into space. 

The control of vehicle direction in space 
fli^t is of paramount importance at all times. 
One means to control the direction of thrust is 
1^ gimbaling the entire engine assembly including 
the exhaust nozzle. The propellant pumps and 
prqpellant tubes are usually ^mbaled along vdth 
the thrust chamber to avoid use of big^ pressure 
flexiUe tubing to carry the propellant. Such 
tubing is difficult and e9q[>ensive to manufacture. 
If there is only one engbie for thrust control on 
the vehicle, sudi i^mb^ing gives gross control 
only about the two axes of rotation (pitch and 
yar axes - not roll). Small vernier engines can 
be added to improve fine direction control, in- 
ohidttng roll. The THOR booster rocket iises 
two of these verniers, each of which is rated at 
1,000 lbs. of thrust, for fine dli'eotlon control. 

One flight control ttiat is requiredfor accurate 
space flight is thrust termination. This is rela- 
tively simple in a liquid system since all tliat 
is necessary to turn-oft the engine is to stop the*" 
flow of fuel to the combustion chamber. Vernier 
engines can control the final trim in velocity 
quite accurately. 




One final design problem to be discussed is 
the avoidance of combustion instabilities - those 
troublesome irregularities that can lead to lost 
thrust, or an es^losion! 
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COMBUSTION 
INSTABILITY 




There are very few engines that, at one time 
or another during the development pyole, haven^t 
been plagued hy oombUBtion instabilities* Com- 
bustion instability oan ooour vAiBn a small ixioket 
of unbumed propellant oolleots - possit^ for 
Just a period of mioroseoonds - then esqplodes 
to set up uneven shook waves in the ohamber* 
These mi^t oause nothing more than an annoying 
aooustioal etCeot - perht^ a hi^ squeal; but 
more frequently they start a shudder or atremor 
that feeds back into the fuel pumping system to 
cause uneven fuel flow to the ohamber* This sit- 
uation oan avalanche and may eventually destroy 
the engine* 




••••• 

One of the first things to examine when oom- I 
bustion instability ooours is the design of the 
injeotor head used for mixing fuel and oxidizer* 
At first inspection of the accon^anying diagram* 
injeotor heads iq^^ar similar to shower heads* 
but closer iospeotion shows them to be consider- 
ably more complex; the holes for fuel and oxi- ^ 
diser flow are of varying sizes and set at dif«* 
ferent an^^es* Frequently* there may be aseries 
of baffles on the surface of the injector head to 
assist in directing the fuel flow* An injeotor head 
has a big Job to do* It must place the propellant 
fii the chamber at the ri^t time* at the ri^t 
place* mixed in ttie rig^t proportions* and of the 
proper droplet size* The design of injeotor heads 
is* even today* a very empirical prooess* There 
are very few mathematical formulas that will 
tell an engineer how to design an injector head 
for any given engine* Muoh design success has 
been achieved throu^ eaq)erienoe vAtt injeotor 
heads* but their design is still more a matter of I 
trial and error than anjrthing else* ! 



The propellants iised in liquid engines are 
quite numerous* Tlie diagram <m the following 
page shows various oomUnatims of ftiel and 
oxidizers along with ttieir speoific impulses* The 
chart divides the oxidizers into the storaUe and 
the orybgenies* 

GRYOQBNIC indioates that a partioular pro- 
pellant exists as a licjiuid only at extrentely low 
temperatures* such as liquid oxygen (LOX) which 
cannot exist above -297^F and liquid hydrogen 
which oanndt exist above -428*F* The storage 
and halndling problems with these materialii are 
greatt but th^ do have advantages in terms of 
hi|^r spedflo in^mliies* 



For storable otidizers* ohlorine trifluoride* 
nitrogen tetroxide* and inhibited red finning 
Itftric apid (IRFNA) are choeien as typical* Fuels 
oomttdnly used uriith these are hydrazine and 
wisymtnofrical dimethyi hydrazine (UDMH) of 
the ammonia famiUy* and terosene (RP-1)* The 
speoiiic impulse <A (KP^l) inoteases from 250 
seoonds with storable oxidisers to 280 seoonds 
virfaen used with liquid oxygen; hydrazine and 
(UDMS) show similar increases* Liquid hydro- 
gen used at today'6 chamber pressures produces 
speoific inopilses of around 425 seomids* If 
fluorine were used wifli liquid hydrogen* the 
oomblnatiott ihoold teaoh aibout 450 seoonds* 
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Program Status 

Liquid engines are iised for space work today 
primarily beoause of their higher specific im- 
pulses as compared to solidSi and because his- 
torically they he^qpen to be further along in 
development when our nation started into space. 
Todi^ the trend is still toward bi^^ boosters 
for bigger payloads. The first In such a series 
<A larger liq^d boosters is the SATURN L It 
uses a cluster of eis^t liquid engines to develop 
a total thrust of 1.5 million pounds. The glm- 
baling of four engines provides directional con- 
trol. The SATURN I test series has been com- 
pleted with 10 highly successful firing?. 




The next step will test the Rooketdyne F -1 
engine which develops 1.5 millionpounds of thrust 
In a cluster of five engines to provide 7.5 million 
pounds of thrust for the SATURN-5 booster* The 
F-1 has been successfully tested many times in 
a test stand* but has not boon flown as yet. 

The turbppump for the F-1 develops 80»000 
h.p. and delivers prppellants to the engine at a 
fantastic rate* In a 2-1/2 minute firing* this 
puaaap will furnish the five engines that lift our 
APOLLO astronauts from Earth wltti 60 rail- 
road tank cars of propellant. 



Solid Propellant Rockets 

The requirements for a combustion ohamberi 
**no22le** and a hi|^ temperature for esduoist 
gases are the same for solid propellant ro<doets 
as for the liquid propellant rocket. The solid 
propellant rocket has an advantage over liquidSi 
however* in that no plumbing* pumpSi or injec- 
tors are required. Solid propellant rockets have 
long been favored and used in a military en- 
vironment due to ttieir simplioity* short reaction 
time (no long oountdown)i ease of handling* and 
simple storage requirements. 

A solid propellant grain consists of fuel and 
oxldiser wfaioh are mixed together and cast into 




the desiraid ih^Mi. ths casting of the grain is a 
very delioaie process since minute cracks or 
ottier defects can cause the burning rate to become 
es^losively hi|^ In this case the performance 
of the vehicle beoomes difficult to control» and 
enghie destruction usually follows. 
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Both the amount of thrust and the burning 
time oan be determined 1^ the pbysioal ohar- 
acteristios of the prppellant and tbe geometrioal 
BbBpe of the grain* The simidest burning tech- 
nique is the end burning (as a cigarette), but 
this gives rise to serious chamber insulation 
problems. Providing a central open core area 
(as a tube) for combustion permits increasing 
thrust level as more area is burned. Star-» 
8hq>ed core provided a constant thrust leveli 
since, by their design, the same area is exposed 
to burning at all times. 

There are many different fuels that oan be 
combined with oxidisers andusedln solid robkets. 
Some are heterogeneous mixtures of several 
chemicals, for example, a mixture of cxidlxing 
crystals such as ammonium perdilorate, vidth a 
fuel of synthetio material such as polyurefhane. 
Or, one may use a homogeneous charge of special 
chemicals such as a modified nitrocelluloee iype 
of guapowder. The specific impulse of solids 
trends to be relatively low, rou|(hly 265 seconds. 
This is primarily due tofhehit^moleoularweig^t 
of the eadiaust gases. 

The casing of a solid rocket must not only 
be strong enough to withstand the hig^ pressures 
generated, but it is also desirable to have the 
casing llg^t to increase paylOAd capacity; The 
use of reinforoed fibeir^ass casit^ps has been 
proven feasiUe. For exan^lei the A->2 version 
of the POLABIS missile viras aUo to exceed its 
design range Iqr 100 miles tqr the use of these 
lighter casings* 




One critical design problem in solid propel*-^ 
lent rockets is the control of thrust direction. 
Since the fuel Ub burned in its own cmtainer, 
whl6h is often huge, it IsnH feasible to move the 
entire engine structure. There are, however, 
several other ways of controlling tbe thrust vec- 
tor at the nozzle Itself besides g^ballng the 
entire engine. 

The POLARIS missiles have used Jetavators 
for thrust control. Jetavators are rings mounted 
around the nozde exit which can be tilted into 
the exhaust stream to deflect ttie thrust. It 
takes a deflection of 25 degrees of the Jetavators 
to diange the thrust vector lay 8 degrees. Some 
thrust is lost in this process. But it does work, 
as evidenced by the pin-point accuracy of 
POLARIS missiles. 

Another control is the swivel nozzle - that 
is, the entire nozzle tilts for control. 

Problems may arise here since ahlg^r torque 
is required for movement of the entire nozzle 
and pressure seals of the Joint at the nozzle are 
difficult. There is no iqn^roclable thrust loss 
tqr the method. 

A third qqproach .is the rotatable nozzle, 
which retains the advantage of fiill thrust yet 
requires relatively low torque for movement. 
In the central neutral position the thrust vector 
is aligned with the vehicle axis. Movement of 
the nozzle to any off-center position will cause a 
thrust vector change. 
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.4 HOT GAS 
VALVES 



MOT GAS 

G'A rFHEf^ATOR REIIEF VALVE 



Ofher inethods of control hav6 been proposed 
that do not require pliysloal movement of ibe 
nozzle. One Is the gas injection method* which 
bleeds oft esdiaust gases at the nozzle throat and 
then allows them to reenter the nozzle down- 
stream. This ohaqges the ttirust vector by de- 
stroying the laminar flow of gases through the 
nozzlSi thereby creating a secondary shook wave 
in the esdiaust stream whl6h parUcJly redirects 
the ttirust flow. 

Another technique calls for the injection of 
a liquid into the exhaust stream in the nozzle. 
The liquid causes a change in thrust vector in 
much the same manner as in the gas injection 
methodi but the waiving and oontrolprooesses are 



There are many production problems asso- 
ciated with the fa])rication of large solid rooket 
motorsi particularly in ttie handling of the 
gigantic grains. Motors that are 22 feet in 
diamteti developing 3.5 million pounds of thrust* 
have been fired. Development work is in pro- 
gress on solid propellant rockets ttiat will gen- 
erate 7.5 million pouMs. Obviously ttiese large 
fireoraokers need speiolal handlings Two ap- 
proaches have been fcfllowed in the handling 
problem: making the motor in one piece (mono* 
littilo)i or mal^ig. the motor out of segments 
or SeotiofiB. Botli methods require stringent 
handling inrooedures. The segmented booster 
is easier to hatidBe but there are some difll- 
culties in miting flie segments properly. If 
the Joint is not pbtted the effect is similar to 
tliat of a cradked grain of propella]iit» whidh can 
detonate tupon ig^tlon. 



simplified. The TITAN mc is controlled 1^ 
injectlcms of liquid nitrogen tetroxlde. 

A further control required with solid rock- 
ets is thrust termination to achieve the desired 
final velocity. Solids cannot be shutdown by 
valvlng as in liquidSt thereforei a different 
method of thrust termination is required. One 
method used is called fore-end venting. In 
ttie POLABIS, a series of six ports are simul- 
taneously open in the forvrardwall of the chamber. 
Since the total areas of the ports are made 
greater than the opening of the hozzle» a nega- 
tive thrust is created to terminate the forward 
thrust. This negative thrust ciin be used to 
separate the booster from the payload. 
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Although the initial funding of solid propel-* 
lent research for spadiB-flig^ts has been much 
lower than that of lic^d systemSi solid pro- 
I>ellant8 may eventually see considerable use 
as first^tage boosters • The TITAN mc uses 
strap-on solid prppellant engines for the boost 
stage. Its many successes prove conclusively 
the practicality of solid prppellant rocket engines 
for space flij^ts. 

Next Generation 

Completion of the development of the 260- 
inch solid propellant engine would result in over 
7 million pounds of thrust in^ & one-stage engine. 



Of course* smaller solid propellant rcibkets 
will continue to be tised in applications requiring 
dependability and quick reaction tinoe wbere the 
lower specific impulse is acceptable , for examplSi 
military air launched missiles and certain thrust 
control engines. 

Looking Into the future* we can expect in- 
teresting developments in the use of air augmenta- 
tion within the atmosphere to inqirove solid 
booster performance. Some e^qperlmentation 
is in progress on the use of ambient air for thrust 
vector control of boosters. The use of a variable 
throat area as a throttle for solid prppellant 
rockets may be. a breakthroug^i that will permit 
shutdown and restart of a space engine. 




Hybrid Rockets 

This disoussion of tibe chemical rocket sys- 
tems would be inoon^lete without a brief mention 
of the hybrid rocket system. Th68e systems use 
both liquid and solids - usually a liqvdd bxidizer 
and a solid fuel. A hybrid rocket possesses some 



advantages in that it is throttleable, restartable* 
relatively safsi and shouldhave good performance 
charaoteristios. Howeveri it possesses the 
problenls ci both liquids and solids with no clear 
cut znajor advantage. Development work, at a 
compAfativie low level of ettort* is oontinidng in 
this field. 
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NUCLEAR ROCKETS 
General 

The employment of nuclear power for rocket 
engines qnpoars very desirable when we compare 
the specific impulse of the fission of Uranium 
235 (U-235) with that of diemioal reactions. On 
a pound-for-pound basis U-235 produces about 
two million times the thermal energy of cbemioal 
reactions. Although a nuclear rocket produces 
a significantly hig^r specific impulse it also has 
a much lower thrust-to-weig^t ratio (about unity) 
than ohemical. rockets (about ten-to-one). Any 
nuclear rocket would be under severe strain to 
lift itself and a pi^load into orbit. Another limi- 
tation on use of a nuclear rocket as a booster is 
the radiation hazard produced hy an unshielded 
reactor at ground level and within the atmosphere. 




Even though the nuclear rockot is not par- 
ticularly well suited for ground launch, it has 
great potential as a means of prppiidsion in space 
for lunar or interplanetary travel. 




Rover 

The program to develop a nuclear rocket for 
extended mlssicms began in 1955, two years before 
Sputnik. This program, called £Q3£EE»i8 divided 
into three phases: The first phase, assigned to 
scientists at Los Alamos, was to test the prin- 
oiples of nudear rookets in a series ofnon-flyihg 
reactors. This design phase was q^^rppriately 
named KIWIi after the small wlni^ss bird native 
to New Zealand, liie second phase was to turn 
the e9q>erimental reactor into a flyable^ engine. 
Ihe contract for this eng^, called NERVA 



(lluclear Engine for Rocket Vehicle plication), 
was awarSed to Aerojet-General and Westing- 
house Electric Corporations in 1961. The;QQsi 
phase of Ihe program, called RIFT (Bisactor ip 
£lii^t 2j9st) was to test Ihe NERVA engine In 
flight. A contract for RIFT was signed in May 
1962 with Lockheed Missiles and Space Conq>any. 
The first phase of the program, KIWI, has been 
convicted for the smallernsise reactors, and 
the second phase, NERVA. is well underway. 
The third phase of the program, RIFT, has been 
pos4[xmed indefinitely by program redirections 
announced in December 1963. 
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Design Problems 

All of the rookets which have been built as 
a part of ROVER follow the general design of the 
illustration, Liqiiid hydrogen is the \isual propel- 
lent. The prppellant also seryes as a coolant 
for the engine structures 1^ entering through 
cooling passages in the outer walls of the Exhaust 
nozzle, then passing through the Jacket of the 
engine into the core of the reactor. The pro- 
pellent is heated ly the reactor to a temperature 
of about 4000®F and then elands through the 
exhaust nozzle to produce rocket thrust. 

The design of nuclear rocket reactors starts 
with the need for hig^ temperatures— indeed, the 



hig^st tenveratuTQS that can be practicably 
obtained. Such hig^ temperatures preclude re- 
actor cores made solely of uranitim or its com- 
pounds, because their melting points are too low. 
A core, then, niust be made of some matrix 
material with a hig^ melting point in which the 
fissile fuel, U-235, is incorporated. There are 
only a few candidates from which to choose for 
this matrix material: graphite, tungsten, and the 
carbides of zirconium, niobium, ha&ium, and 
tantalum. The carbides of zirconium, hafiiium, 
tantalum and, to a lesser extent, niobium are 
neutron absorbers. This does not conqpletely 
rule them out, but their use would make reactor 
design much more difficult. 



Of the remaining two materials, graphite is 
by far more iqppeaUng than tuttg$tenr draphite 
has been uded in industry as a hig^-temperature 
materia] for years; it is cheap, readily available, 
and easily machinable. And because it is not a 
strong neutron aibdorber, it lends itself admirably 
to a particularly sittqple reactor concept, that of 
the homogeneous^ solid-core reactor. In a 
homogeneous reactor, the uranium fuel is dis- 
trihuted evenly fhrou^iout the reactor core rather 
than concentrated in a few rods or blocks* In 
the uranlum-grq[>hite matrix, griq[)hite also acts 
benefioiaily to moderate, or slow down, neutrons. 
Slow neutrons are intrinsically more efitebtlve 
than fai9t neutrons in causing fission of tJ-2d5. 
Therefore ldS(9 U-2S5 is needed in the reactor » 
the grqphite also provides struotural integrity 



to the reactor matrix, and Is in fact the mate- 
rial 1^ which most of the heat energy resulting 
from fission is transferred to the prqpellant. 
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The core of the rocket reactor consists of an 
assembly of matrix fuel elements » suitably mxp^ 
ported. Numerous passages » whibh are lined to 
prevent corrosion» carry the propellant through 
the fdel matrix* Surroundhig the core is a cylin- 



Test Problems 

The problems of testing a nuclear rocket are 
almost as difficult as the desijpa problems. Be- 
cause of the large appetite of a reactor for pro- 
pellantt the Los Alamos Scientific Laboratory 
(LASL) built two SSiOOO gallon dewars for storing 
liquid hydrogen on the test site at Jackass Flats« 
Nevada. Yet even these c^ant vacuum bottles 
contain only enough liquid l^drogen for an 8- 
minute run of a reactor at a power setting of one 
thousand (1000) megawatts (nearly the energy out- 
put of monstrous Hoover Dam)! 

As a further oomplicatloni all of the reactor 
tests must be conducted remote oontrolfrom a 
command building protected from the test cell. 
This 48 necessary because radiations are emitted 
by a reactor. These include neutrons and gmma 
rays that may induce radioctlvity innearl^mate- 
rials in addition to causing direct damage. 

Moreover! because some of this radioactivity 
remains after the test, the tested reactor must 
continue to be handled entirely tqr remote ciontroL 
After the. reactor Is shut down* a locomotive Is 
directed tqr remote control to the test oell where 
it removes the reactor cm a standard g^ track 
to the disassembly building. Theirei trained 
operators take it spBit piece-tqr*9iece with tools 



drical reflector sleeve of beryllium . The 
beryllium sleeve serves two functions: (1) it 
serves as a reflector material \vMch» because 
of its low atomic mass, causes neutrons that 
penetrate it to rebound back into the core, and 
(2) it provides a convenient location for the in- 
sertion of control rods made with a material 
that strongly absorbs netltrons. With the proper 
physical placement the neutron absorbers are 
able to offset the reflective properties of the 
beryllium sleeve and reduce the neutron flux 
to below criticalityiwhich in turn results in re- 
actor shutdown. 

In a rocket reactor, the typical control rod 
consists of a beryllium cylinder, one side of 
which Is covered with an aluminum sheet heavily 
loaded with an isotope, Boron-IO, that strongly 
absorbs neutrdns. By rotating the control rods, 
the sheet with Boron-IO can be broi^t nearer 
the reactor core vAiere it absorbs many neutrons, 
or rotated away from the core where it absorbs 
fewer neutrons. The control rods are placed in 
the reflector rather than in the core proper be- 
cause it is easier to cool the reflector, which 
simplifies structural design of the reactor* 



held in giant robot-like manipulators. The in- 
formation gleaned from such examinations has 
proven worthwhile and pointed the way to many 
structural improvements. 
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KIWI 

The first reactors built as apart of the ROVER 
program were the KIWI-A reaotors designed for 
a yield of one hundred (100) megawatts. By 1960 
LASL had designed, built, and tested three of 
these, and in so dohiig, had learned a good deal 
about the fundamentals of uranium-grqphlte re- 
actors. In the last two KIWI-A tests, however, 
tile reactor core esqperienoed some structural 
failures. As a result, LASL investigated three 
different reactor core designs for the next gen- 
eration of KIWI reactors. The generic name for 
these new one thousand (1000) megawatt reactors 
was KIWI-B. The three designs were labeled 
B-1, B-2, and B-4 (B-3 never got off the drawing 
board). Many of the over-all features of the 
reactor design were successfuUy proven in 
December, 1961 when KIWI-B-IB was tested 
at 300 megawatts with gaseous hydrogen. The 
first run with liquid hydrogen occurred in 
September, 1962. Although this test with liquid 
hydrogen was a successful milestone in the 
ROVER program, it found that the core design was 
unsound. 

At that time, LASL was pinning its hopes 
primarily on just one of the three new designs, 
that of KIWI-B«».4. But when the B-4 design was 
tested in late 1962 there was a sharp program 
setback. The test uncovered a flow^induced 




dynamic instabliity that vibrated the individual 
fuel elements so violently that some of them 
were broken and propellant passages were 
ruptured. 




A completely redesigned B-4 reactor was 
tested only 18 months later in May of 1964. 
It proved to be a resounding success (even 
thouc^ the run was curtailed somewhat be- 
cause of a minor failure in the nozzle). In 
August 1964, the KIWI-B-4E ran essentially 
at full power aiul temperature for 8 minutes. 
This same engine was run again two weeks 
later for an additional 2 1/2 minutes, thus 
demonstrating that a re-start was feasible. 
LASL was able to control the power, tempera- 
tures, and flow rates on the second run so that 
it successful]^ duplicated the conditions of the 
first test. Disassembly indicated that the re- 
actor could have run even longer without trouble. 
There was, as ei^eoted, evidence of graphite 
oorrosion, but nothing was uncovered to prevent 
the develcypment of reactors having useful bum 
times of 30 minutes or more. 

All in all, the KIWI-B-4E tests were as 
successful as anyone dared to imagine a test 
could be. 
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NERVA 

At the same time that design test programs 
were reaching their goals, the Aerojet^ 
Westingl^ouse team had been proceeding with the 
NERVA Protect whose objective was to develop 
k flyaUe engine based tqpon the successful 
KIWI-B-4E reactor. The development of an 
en^ne from a reactor is a difficult project. 
For one tfaing» structural changes v\^re needed 
in and near the reactor proper for the hi{^ ^^g** 
loadings expected. Furthermore, a lic^t weight 
turbopump system which could operate in the 
radiation field of the reactor had to be developed, 
and radiation shielding between the reactor, 
the hydrogen storage tanks, and payload struc- 
tures had to be incorporated. Numerous flight 
controls and a flight nozzle also had to be de- 
veloped^ All of these components must then be 
integri;ted into a compact, Ilyable package. 

In October of 1964 shortly after the last of 
the KIWI tests, the NERVA team tested their first 
reactor, the NRX-A2 which was a modification of 
the KIWI-B-4E design. Hie tests were a com- 
plete success; the reactor ran at substantial 
power for 5 minutes and reached a peak^power 
close to UOO megawatts for 40 seconds. (This 
engine would produce about 65»000 pounds of 



thrust). One restart was made of the NRX-A2. 
In May 1965 another NERVA reactor, NRX*A3, 
ran successfully for more than 16 minutes at 
full power with two restarts. In June, 1966 the 
NRX-A6 tested successfully with two restarts 
and thirty xninutes of run at full power. It was 
clear that the ROVER program had produced 
a good basic design for a f^able rocket engine. 

Rift 

From a technical stand^int it appears that 
a nuclear rocket could be developed and tested 
by 1971. During the next few years. Aerojet 
and Westing^ouse will carry out further esqperi- 
ments whose results should be iqn>Ucable to 
engines of the future, even though reactor sizes 
and principles may change. It appears that the 
KIWI-B-4E reactor may never be developed 
into a flight engine, primarily because its thrust 
is somewhat low for mai^ proposed interplane- 
tary missions. One alternative, which has had 
its advocates, would have been to i9>rate the 
KIWI-B-4E reactor to 2000 or even 26,000 mega- 
watts. This mi^t conceivably have been done 
Ta^ increasing the propellant pressure and flow 
rates. A somewhat more poj^ar iqn>roach now 
is to concentrate on the new PHOEBUS project 
which is the name for a new family of reactors 
of greater power. PHOEBUS-l-B was success- 
fully tested at full power (1500 megawatts) for 
30 minutes in Nevada on February 23, 1967. 
PHOEBUS-2, a new five thousand (6000) mega- 
watt reactor is under development toy LASL. 

Future 

The PHOEBUS-2 is undergoing a develop- 
ment program similar to the KIWI program 
for the smaller reactors. When this larger 
reactor is developed, it will become the basis 
for a practical, flyable rocket engine. The 
large NERVA rocket mi^ then be used as a 
third stage in the Saturn V rocket, now planned 
for the APOLLO Program and future inter- 
planetary programs. Such a nuclear third stage 
will have a power rating of 6,000 megawatts. 
ConverUng this power rating to effective boost- 
ing power indicates such a nuclear third stage 
would provide between 200,000 and 260,000 lbs. 
of thrust for at least thirty minutes. The effi- 
cient use of fuel (825 seconds specific impulse) 
could lead to an increase In tisefiil payload of 
almost 100% over ttie chemical third stage of 
the present Saturn V vehicle. It vppeBXS in- 
evitfl^le that man wiU soon use nuclear rockets 
to aid him in the investigatton of the far reaches 
of our solar system. 
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TRIC ROCKiTTS 
General 

Ti har^ been pointed out eariier that aohemioal 
rocket has a high thruBt^to-v/eig^t ratio which 
allows it to push heavy payloads tnto spacCi 
especially into Earth orbits. S\L6h Mhort trips 
can be accon)nll£{h/9d cLiequately with the tlirust 
and the speuiiio impulses of current nhernical 
rookete, However a mission into d^^ep space 
ml^^t be betier acooiuplisheci with an eng^ using 
fuel more economically than current methods 
of chemical combustion. 

The Mars Mission, for i.istanoe, could be 
accomplished with greater overall fuel economy 
with an engine providing a specific impulse of 
7000-9000 seconds. If we should plan to use 
only ohemioal rookets to send large spacecraft 
to Mars and beyond, we will require either 
extremely larg3 launch vehicles for a direct 
tripi or we must place several vehicles into 
Earth orbit for prior rendezvous and assembly. 
Both of these methods are eaq[>ensive in weight 
of propellant and vehicles recpiired. To con*- 
duot deep space missions more effloientlyi 
we must develop a propulsion system that uses 
fuel more eoonomiqally than ohemioal engines. 

We have discussed nuclear rockets as a 
step toward greater speoifio impulses and fuel 
economies. Now we shall consider electric 
rookets for space flights since electric engines 
do use fuel more eoonomioaUy than either ohemi- 
oal or nuolear rookets. Fuel economy of a rocket 
engine is indicated its specific impulse which 



is thd total impulse generated per pound of fuel 
used. The hig^r the specific impulse of a fuel, 
the longer is the time period over which one 
pound of fuel will deliver one pound of thrust. 
For convenience, specific imprJee is eii|»ressed 
in seconds. 

Chemical rodJiC may produ,ce specific im- 
pa^i^s to 4bout 450 seconds, bit relatively little 
i n-)); .wement can be expected since the energy 
literated is limited by heats of combustibu of 
the fuel. Solid-core nuclear rockets can deliver 
specific inq;mlses up to about 1000 seconds but 
are limited by heat exchange mechanisms a? 
Well as rai!iation and stn\ctural limits. Electric 
engines wiilGb include c generating source of 
electrical power however, are now operating 
in vacuum chambers at speoifio impulses of 800 
to 10,000 seconds and higher* Electric enginer? 
therefore do produce hig^ fuel economy, but un- 
fortunately as the specific impulse increases for 
a given thrust, the electrical power needs and 
power plant weigb's also increase. A orossovor 
point of diminishing return^ must be determined 
for each specific mif.^loo, or, saying it in another 
way, an engine to provide the optimum total 
impulse must be selected, for each i>pe6*;£ic ml&- 
sion. (Total impulse Om^st multiplic^^i the 
time it is appliede A millicm pounds 6k thrust 
applied for 30 sec^:tj^o will deliver 30,000,000 
pound-seoonds of ^^total impulse.** One pound 
of thrust applied for 30,000,000 seconds, which 
is roughly a year, will provide the equivalent 
total impiUse.) 

Each fli{^t in " ^oe requires a certain total 
impulse. Assur the total time duration of 



67 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 



tbe mission must also be considered intheoboice 
of tbe optimum total impulse. The goal of deep 
space propulsion is to carry tbe least amount 6[ 
fuel and engine weight for a given total impulse • 
However, we Bbould recognize that using an engine 
witb too- much specific impulse xbi^t be as un- 
economical as using an engine with too little 
specific impulse. The Mars Mission, for optimum 
fuel use, requires an engine witb 7000-9000 
seconds of specific inqpulse. Therefore anengine 
witb 7000-9000 seconds of specific impulse should 
be selected since engines witb eitber higher or 
lower specific inq^mlses would be less efficient. 
Electric Rockets witb specific inq^ulses in this 
range appoBr available in the foreseeable future. 

In addition to inqprovements in the specific 
impulse of rockets we should also consider the 
importance of increasing the eicfaaust velocities 
of rocket engines for long range space flints. 
The importance of the exhaust velocity, C, is 
immediately apparent when one recalls the basic 
rocket equation; 

V«Cln(Mf)«i,^ gin (Ml) 

Where V change in velocity achieved in free 

space acceleration. 

C " exhaust velooity of tbe rocket. 

Me B Initial mass dt tbe rocket. 

M " final mass of the rocket. 

Isp B specific impulse. 

g » acceleration of gravity. 



Higher velocity increments can be obtained 
by increasing the mass ratio, for example, by 
staging the boosters and discarding structures 
such as empty tankage or nonvital subsystems 
whenever appropriate. However these improve- 
ments are Umited by tbe logarithmic nature of 
the mass ratio term and the requirement to re- 
tain piQTload structures and fimctional engine 
parts sudb as nozzles and pumps. 

One can improve over chemical rockets in a 
direct manner if the exhaust velocity is increased 

providing more energy to the propellant. 
Nuclear rockets use the heat of their reactors 
to increase the eidiaust velocity of a light gas, 
hydrogen, to about 2 1/2 times that obtainable 
in chemical engines. Therefore nuclear rockets 
will use propellant wei^t about 2 1/2 times as 
effectively as chemical rockets. Another sp^ 
proaoh to increase exhaust velocity is to use 
electrical energy to accelerate the propellant 
gas up to 20 or more times the velocity that is 
obtainable in chemical rockets. These high 
exhaust velocities obtained in the electric engine 
increase its specific impulse to about 20 times 
that of chemical engines. With such hig^ fuel 
effectiveness, and with its cs^ability to i^iply 
continuoud thrust, the electric engine is a prom- 
ising candidate for space propulsion. Despite 
its low thrust^to-weight ratio which completely 
precludes its use as a launch rocket, the elec- 
trical engine can be boosted into space hy other 
rockets and then started for long termpropulsion 
chores. ■ 



Electric Rockets 

An electric rocket consists of: (1) tbe power 
source, (2) the electric generator, (3) the thruster 
mechanism to produce directed acceleratioh of 
tbe propellant, and (4) the propellant. 

Since the type of tlmister mechanism engiloyed 
is the principal distinction among electric rodcet 
engines, let us consider three basic thruster 
mechanisms which are designated types as (a) 
eleotrotbermal, (b) electromagnetic, and(c) elec- 
trostatic. An electrothermal engine uses energy 
from an electric power supply to beat a gas; an 
electromagnetic engine uses eleotromagnetio 
fields to accelerate ions; and an eleotrostatid 
engine uses a bi^ voltage electric field to ac- 
celerate ions. 

Before going further, there are two basic 
terms whi6h should be defined: they are ionisation 
and plasma. 



'POWER ELECTRIC GENERATOR 
SOURCE 





TMRUST PROPUnf R 



[MiOPUl a:. 

TANK 



mm 
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Currently the atom ie depicted as a massive 
nucleus surrounded electrons. The nucleus 
consists primarily of protons and neutrons, A 
neutron has no charge associated with it, aproton 
has one positive oharg^i and an electron has one 
negative charge. Where the same number of 
negative electrons <<orW as protons in the 
nucleusi the atom is electrically neutral. 

If one or more of these electrons are re- 
moved from an atom, there is an excess of posi- 
tive charge In the atom, or, in other words, a 
positively-charged ion has been created. The 
atom has become ionized , A plasma is a large 
groiqi or cloud of ionized atoms with, or without, 
their dissociated electrons. A plasma may be 
positive, neutral, or rarely, negative. 






Electrothermal 

In the electrothermal eng^ine, electric energy 
is used to heat the propellent to a high tempera- 
ture. This beating may be aooompUshed by 
passing the propellant gas through an electrid 
arc or over surfaces heated with electrical power. 

The electrothermal rocket is similar In some 
respects to the chiemical rocket. Althouj^ there 
is no fuel combustion, the propellantgas is heated 
to a hi{^ temperature and e3q;>ands through anoz- 
zle to produce thrust. We can^achieve exhaust 
velocities hig^r than those of chemical engines 
if the energy added to the gas is greater than 
the energy added .in chemical combustion. One 
limit to the amount of energy given to the pro- 



pellant is the broakbp^ iip or dissooiation of the 
prppellant molecules. Such breaking up absorbs 
energy without raising the gas tesqierature. Fac- 
tors which limit the eadiaust velocity include the 
occurrence of turbulent flow regions caused by 
erosion near the arc, and. other materialfailures. 

The electrothermal rocket is in a fairly 
advanced state of development, and has reached 
efficiencies of about forty percent (40%). Because 
greater exhaust velocities have been llipiiitedby 
material failures, the electrothermal rocket 
probably will not be used for deep space flig^ 
requiring long engine bum times. Electrothermal 
engines can be, and are, used as short bum 
thrusters for satellitte station keeping and orbit 
adjustments; 
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Eleotromag&etto 

In tbe eleotromagnetio englnoi the propel- 
lant l8 a plasma whose ions are aooelerated 
eleotromagnetio fields. 

In a plasmat ions with their dissooiated elec- 
trons swirl about muoh like neutral atoms do in 
a gas oloud. This plasma cloud can conduct a 
current Just as a wire conducts current by move- 
ment of charges. This movement of charge (the 
current) niiakes it possible to accelerate tbe ions 
of ttie plasma in a specific direction by the use 
of a magnetic field as shown in the illustration. 
When an electric current is forced througli a 
plaSma In the presence of a magnetic field, a 
directed force is exerted onihe ions of the plasma 
which aocelerates them rearward at very high 
velocities. This is similar to the foroe on a 
rotor in a simple electric motor. 

However, a plasma engine is quite oom- 
pUCatedi and all of the jAysical oocuranoes in 
it are not yet fdliy understood. Nevertheless the 
plasma engine has great promise of beoomix\g 




a workable eleotromagnetio engine. Research 
is continuing on it for purposes of space pro- 
pulsion* 



Electrostatic 

The last type of engine to be considered, the 
electrostatic engine, is probaUy the most ad- 
vanced of the electrical rockets. 

Just as in the plasma engine, the propellant 
is ionised Iqr removing electrcms. In the eleo- 
troetatic engine, however, the ieleotrons are en- 
ttrely removed foom the ionisatton region leaving 



positive ions to be accelerated byastaticelectric 
field. These positive ions reach a high exhaust 
velocity and are ejected rearward to produce 
thrust, 

Tbe electrons are removed from the ionizer 
region at the same rate that they are produced. 
If the excess electrms were not removed, a 
negative charge would build up on the surface 
area of the ioniser and prevent the formation of 
new ions. Therefore it is necessary to remove 
these electrons from tfalis area to maintain the 
ionizer at a high voltage. Electrical power is 
required to remove these electrons since they 
would normally remain in a region of hig^ 
positive voltage. To prevent this from ocouring, 
an electron pump puUs electrons away from the 
ionizer region and permits ionization offhe in- 
CK)ming propellant atoms, 

; These withdrawn electrons are beneficially 
used to nciutrali^ positive charges in the ion 
esdiaust stream, if tbp exhaust stream were not 
so neutralized, the ions in it would r^l one 
anot^r, the exhaust stream would become tur- 
. bMlent and itbe engine would lose thrust, Further- 
naore, without neutralizatiofi, the spacecraft would 
baoome negatively bharged to suoh an extent that 
the dipoharged positive ions would be attracted 
back to it resulting in loss qf thrust. 
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Program Status 

Eleotrostatio rooketa are well advanced in 
research and development. On July 20th 1964i 
two of these type rooketa were tested in space. 
One rooket used meroury for a propellant. and 
the other used cesium. Both of these metals 
ionise easily (they poaaess low work functions). 
Both engines were mounted in the NASA SERT-1 

Jehlole. SERT stands for Space Electric Rocket 
*e8t. SERT-1 was launched hyli Soout rocket 
into a ballistic trajectory for fifty minutes of 

The primary purpose of SERT-1 was to test 
the performance of electrostatic rockets in space. 
These engines bad successfully run for hundreds 
of liQurs in a vacuum, but space operations' are 
not completely simulated by a vacuum chamber. 
For instahcCi ttie oesium or mercury ions from 
the engine miyr strike the walls of the vacuum 
tank and knock secondary electrons loose from 
the wall?. Under suob conditions it is difficult 
to detenniiie if the electrons from the engine 
were totally sucmssfiU in neulxaUzlng the positive 
beani» or U secondary electrons from the walls 
of the chamber cbmqitod the data. Since! tliese 
electric engines developed only small thriuat; 
the SChmlnute baUiatio fliglit would not have 
been Img encugh for the engine thrust to propel 
or a^to^ SHBRI^^ vehicle a notiodUl^ 



amount. Therefore the electrostatic rookets 
were mounted tangential^ so that the thrust 
developed would spin the spacecraft. Even a 
smaU thrust could then be measured by observing 
ai^ change in the rate of spin of the spacecraft. 
The engine using mercury aboard the SERT-1 
flight worked as e3q>ectedi but the cesium engine 
failed to operate properly because of a break- 
down in the high voltage system. 

The Air Force has since tested a cesium 
engine which oper^lted suooessfuUy. SERT tests 
are continuing. The flight of SERT-2 is idanned 
for late 1968 or early 1969. SERT-2 will use an 
Agena vehicle and carry two 6-mlllipound 
thrusters. The power source will be a large 
ItO kilowatt . array of solar cells. This second 
launch will demonstrate the longevity of an 
electrical prq[mlsion system in space. 

Next Generation 

Electric engines will have to operate con- 
tinupuBly for months or even years. Thereforey 
it is necessary to have a high degree of re- 
liablUty to insure that the vehicles will survive 
to reach distant targets. Journeys to the distant 
planets vifill require bigger and better rookets 
yfXth more thrust than, is available from thecfe 
research and devel<q[>ment engines. The develop- 
ment of electric rockete with greater thrust 
will require more, work| ti^9 and zn^ 
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Lig^t weight power supplies which provide 
significant amounts of power must be developed 
before manned space flight with electric pro- 
pulsion will be feasible. Nuclear power siq^plies 
offer great promise for manned flight using 
electric propulsion. 

For umanned probes, solar cell technology 
is very nearly at the state-*of-*the*-art where a 
marriage between an electric engine and a solar- 
cell array is possible. 



A chemical rocket can lift only 2-3% of its 
own weight as payload into an Earth orbit. Opti- 
mally, second and third stage rockets should 
take only a small part of this 2^i%. Light, 
economical rockets such as the electric r octets 
can be very useful in such conditions. Con-* 
tinuing advances in the development of electrical 
propulsion techniques will bring us closer to the 
day when deep space exploration man will be 
a routine reality. 




ADVANCED ROCKETS 

The rocket ^pes already described in earlier 
sections are either operational or known to be 
feasible in principle. In contrast, the rockets 
considered next may qq^ be feasible and the 
problems involved are still a long way from being 
solved. Yet, since scientific break-Uirou^may 
occur, it may be profitable to e^qilore some con- 
cepts for advanced rockets. The five propulsion 



techniques which have received the attention of 
authors, such as S. Glasstone in Souroeboakon 
The Space Sciences , are categorized as: 



(1) Cavity Reactors 

(2) Nuclear Es^losions 

(3) Fusion Reactors 

(4) Photon Rockets, and 

(5) Solar Sailing 
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Cavity Reactors 

Because of the limitations of struchiral mate- 
rials to withstand extremely hig)i operating tem- 
peratures, it BppeaxB that the specific ^pulse 
of a nuclear fission rocket with a solid-core 
will not exceed about 1200 seconds. But if the 
fission reaction could be sustained In a gaseous 
cloud without structural support, hi yAist is 
called a cavity reactor , these temperatures could 
be several times those possible in a solid-core 
reactor and mi^t reach 45,000 With hydro- 
gen as the propellant, the specific inpilse would 
then be approximately 3500 seconds. The fissile 
material (for example, uranium-23!^ or 
plutonium-239) would presumably be used in 
its elemental form since any compounds would 
be deconiposed at the proposed temperatures. 
Furthermore, because of the hlg)i temperature, 
the uranium or plutonium would be In the form 
of a gas or vapor. The gas would be at least 
partly ionized; in other words, it would be in the 
form of a plasma. The cavity in yMdh heat is 
produced fission would be equivalent to the 
combustion chamber in achemical rocket. Hydro- 
gen prqpellant entering the cavity would be heated 
by direct contact ais a result of atomic collisions 
with the fission products. The hot gas would be 
esqpelled through a conventional nozzle, thus pro- 
ducing the required thrust. 

As Just described, the gas-phase fission re- 
actor has a serious drawback; the fissile mate- 
rial would be e>qpelled ccmtinuously with the 
propellant. The increase in average molecular 
weight of propellant to impulse would, of course. 





decrease the specific impulse, but this, is a 
relatively minor matter. Much more serious is 
the cost of the uranium-235 that would be required 
for developing and operating such cavity reactors. 
The current price of uranium-235 in relatively 
pure form is above $5,000 per pound of con- 
tained uranium-235. Another factor is the huge 
mass of fissile material that would have- to be 
carried in order to run the rocket engine for an 
iqppreciable time. This would greatly ofbet the 
advantage of the hij^ specific impulse. Some 
means must, therefore, be found for preventing 
or ^ minimizing the esciqpe of uranium from the 
reactor cavity. Severalprpposals have been made 
in this com^ction. 



One proposal is the vortex reactor in which 
advantage would be taken of the large ratio of the 
masses at the uranium to l^drogen atoms, that 
is, 235 to 1. The mixture of uranium and hydro- 
gen gases (or vi^rs) would be introduced into 
the cavity in a tangential direction. As a result 
of gas-dtynamic action and the centrifugal effect, 
the heavy uranium atoms would tend to form a 
holjow cylindrical cloud in which heat is gen- 
erated by fission. The much lig^r hydrogen 
atoms and molecules would diffuse through the 
cloud toward the center of the vortex, and the 
hot gas would be ejqpelled through the nozzle. 
Laboratoi^ esqperlmente with a mixture of bnh- 
mine vi^r (heavy molecules) and air (lig^t mole- 
cules) have shown that some degree <tf separation 
ban be achieved by the vortex, but the mechanism 
is much more conqplex than had been antidpatod. 
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A drawback to fhe foregoing scheme is that 
the hi^st teiqperatures are attained at the out^- 
side of the vortex closest to the walls of the 
chamber. The cooler entering gas mi^ provide 
some proteotioni but it would be preferable if 
the hydrogen prppellant were on the outeide and 
the much hotter fissile miaterial were on the in- 
side, awi^ from the walls. This situation migbt 
be realized in the coaxial flow concept for a cavity 
reactor. The uranium and bydrc^n would be 
introduced in separate coaxial streams with the 
hydrogen surrounding it. By maintaining a much 
lower rate of flow (rf uranium than of hydrogen, 
a stable s^eam mig^t be realized in which rela- 
tively little of the uranium would be esqpelled 
throug^i the nozzle. In the coaxial flow reactor, 
the Iq^drogen would be heated by radiation from 
the central fissile core. But below about 10,000?F 
hydrogen does not absorb thermal (heat) radi- 
ation and consequently an opaque, absorbing 
material (for example, grapUto dust) would have 
to be added. The particles (or atoms) of the ab- 




sorber would then transfer part of their kinetic 
energy to the hydrogen collisions and thereby 
raise its temperature. Preliminary teste with 
mixtures of bromine vapor and air indicate that 
coaxial flow separation has possibilities for 
development. 



Another proposal for a gaseous core reactor 
for rocket propulsion is the plasma core ocmoept. 
At suffictently hi^ temperatures the flssi^ 
material would be in the form of an ionized 
plasma. Confinement 1^ a magnetic field mig^t 
then be possible. The hydrogen propellent would 
then flow around the central plasma core con- 
fined in this manner; heat generated hy fission 
in the core would then be transferred to the pro- 
pellant by radiation, provided a suitable absorber 
were present. Apart from other problems, there 
would be difficulties in providing the equipment 
for generating the strong magnetic fields required 
to confine the plasma core. 




In the <<glo*Plug** or **U^t bulb** system, 
a material wall would be used for keeping the 
gaseous nuclear fuel and the propellant spBxt, 
The uranium-235 constituting the reactor core 
would be contained in a vessel of a material 
that can withstand hig^ temperatures, but is 
transparent to and is not damaged by the various 
radiations emitted by the nuclei undergoing fis- 
sion. The propellant flowing outside the contain- 
ing vessel would then be heated by the radiation 
from the core. The presence in the propellant 
of a substance that can absorb these radiations 
wouldy of course, be required. The waUs of 
the vessel separating the fissile material from 
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the prppellant could be prevented from becoming 
exoesBively hot utilizing the cold, transparent 
propellent as a regenerative coolant. Recent 
research indicates that a wall of fused silica 
which is cooled 1^ a layer of helium or neon may 
prove feasible. 

It has been assumed that all the gaseous core 
concepts thus far described use hydrogen as the 
prppellant. In view of the very hig^ tempera- 



tures e3q[>ected» it might be possible to make use 
of liquid ammonia, which is easier to store, or 
even Gl water as the propellant material. The 
mcflecules of these compounds would be com- 
pletely dissociated into their constituent atoms, 
that is into nitrogen and Iqrdrogen or into oxygen 
and hydrogen, respectively. The advantagd of 
a cbe^), storaUe propellant mig^t well outweigh 
the accompanying deoreaso In specific impulse. 



Nuclear E3q>losions 

Let us now look at one entirely different 
approach to the employment of nuclear energy 
for rocket pr(q;ml8ion. This technique has been 
designated Project ORION andusestheesqplosions 
of small nuclear bombs to impart motion to a 
space vehicle. These bombs would be ejected 
and e3q;>loded the spacecraft at programmed 
intervals. Because of the health hazard arising 
from the radio-aotivity of the fission products, 
such a mode of prppulsion could be used only at 
some distance from Earm. Under ttiis ocxidition, 
the air density would be very low and the shook 
wave, which is normally responsible for much 
of. the destructive action of a nuclear explosion 
would be of minor consequence. Radiation pro- 
duced such esqplosions present only a small 
problem in space, and the hazards can be over- 
come placing radiation shields to protect 
any areas <rf concern. 

One way in which the^ effects of nuclear ex- 
plosions in space mig^t be realized for propulsion 
puipoees is represented in the nearlqr diagram. 
Attached to the space vehicle is a pusher plate 
of relatively large area, and bombe are esqploded 
at intervals a moderate distance behind the plate. 
The rapid e3q>ansion of the bomb residues would 
cause fission-product particles to strike the 
pusher plate at hig^ velocity. As a result of the 
impact, m<nnentum would be imparted to the 
spacecraft and its velocity would increase. In 
this manner, very big^ velocities mig^t be at- 
tained by the successive esqplosion of a number 
of atomic bombe. Specific inqnilses attainalde 
in this manner are estimated to be from 2000 
to 3000 seconds. 

In order to protect the pusher plate from the 
hig^ temperature accompaiqring the nuclear ex- 
plosions, the plate wouldbecoatedwithanablatlve 
material. Absorption of radiation would heat 
the material and cause ablaticxi to ooour. 



Many difficult problems are associated with 
the concept of prqpulsion by utilizing nuclear 
explosions. A large number of bombs of smaU 
energy yield must be stored oa the vehicle, re- 
leased at regular intervals, and exploded at an 
* 'appropriate" distance from the vehicle. The 
effidenpy would be very low since most of the 
energy would be wasted because it would escape 
over a large, mostly ineffective area. The suc- 
cession of millions of sharp individual impulses 




imparted to the vdiiole oould lead to structural 
damage. Consequently, a method must be devised, 
such as the use <k powerful springs to smooth 
out (or damp) thid impulses into a more-or-less 
continuous steady thrust. Finally, in order to 
e>qp6rlenoe appreciable thrust^, the pusher plate 
must have a large area but unless the impulses 
from the e3q;>loding bombs are applied unif ormty, 
the spacecraft wUl tend to tip over in one direc- 
tion or the other. 
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Fusion Reactors 

In addition to fission, there is another way in 
which nuclear energy can be released, fusion. 
Fusion (or combination) of the light nuclei is 
is distinct from fission (or splitting) of the heavy 
nuclei. Of the possible fusion reactions, four 
are of present interest; they are the only ones 
that may be utilized for the production of energy. 
These reactions shown in the iUuetration involve 
the nuclei of the two heavier isotopes of l^dro- 
gen; namely, deuterium (D^), having a mass of 2 
units and triUum (T^ ), with a mass of 3units, 
and of the lijj^test isotope of helium (He^), The 
total energy of these fusion reactions is so higb 
that. If the very small amount of deuterium 
present in one-gallon of ordinary water could 
be utilized conqpletely, the energy releasedwould 
be equivalent to that obtained 1^ the combustion 
of over 300 gallons of kerosene. 




It is known that there are two general ways 
(or research tools) wherel^ nuclear fusion re- 
adtions can be brougjit about. The essential 
problem is to provide sufElcient energy for one 
or both of the reacting nuclei to overcome the 
electrostatic repulsion of the positive charges 
they carry. When brought close U^ther, there 
is a good prqpaUlity that the nuclei will combine 
to bring about the isq[>rqpriate fusion reaction* 
One method of supplying the neoessary energy 



to the nuclei is to accelerate the reacting nuclei 
of one type to a high^velocity (and kinetic energy) 
in a charged-paiticle accelerator (for exilmple, 
a cyclotron«like machine or similar device) 
and to cause them to impinge on a target oon<* 
sisting of the other reactant. But this procedure, 
although cf great e^rimental importance has no 
practical value because the energy expended in 
accelerating the nuclei is mudi greater than is 
released by the fusion reactions. 
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The other way in which nuclei oould acquire 
a large amount of heat energy is to raise their 
temperature. For examplOi it is possible to use 
the extremely high temperatures (tens of mil- 
lions of degrees) attained in a nuclear fission 
esqplosion. Only at these temperatures will many 
of the nuclei of hydrogen and helium isotopes 
have sufficient energy to permit them to fuse and 
release energy; this is the princ^le of the so-- 
called hydrogen bomb. The reactions are now 
described as thermonuclear because the nuclei 
acquire a high energy by virtue of their tem- 
perature. 



Of coursoi there is a remote possibility that 
thermonuclear (hydrogen) bombs could be em- 
ployed for propulsion of a space vehicle \jy the 
procedure described in Project OBION for fis- 
sion bombs. But it would be much more useful 
if thermonuclear reactions could be made to take 
place at controlled ratOi rather than in the very 
rapid uncontrolled manner of an explosion. This 
matter has been the subject of much experimental 
Btady since 1951 as ameansforproducingnuclear 
energy for power purposes. If successful^ a 
method could probably be developed for the utili- 
zation of fusion mergy for rocket propulsion. 

In order to establish a self-sustaining ther- 
monuclear reaotibhi it would be necessary first to 
heat the g^s (deuterium alone» or a mixture with 
tritium or heliimi-3) to a very hi^ temperature» 
In tiie vicinity of 100 million degrees Centigrade 
or more. The fusion reactions could then take 




place fast enough to provide somewhat more 
energy than is required to heat incoming fuel 
gas to the i^ropriate reaction tenxperature and 
to allow for inevitable losses. ''"^ 




Since the initiation and maintenance of a fusion 
reaction requires the production of extremely 
hig^-temperatures, much hotter than the interior 
of the Sun» there is the difficulty of containing 
the reacting gases at such temperatures. The 
problem is not so much the heating of the vessel, 
but the loss of energy and rvpid cooling of the 
gas particles when ihey strike the walls. A pos- 
sible solution arises from the fact that» at hig^- 
temperaturesi the fuel atonos are completely 
ionized to a plasma of electrically chariged par- 
ticles. In this event» theory iiulioates that the 
plasma might be confined away from the walls 
of the containing vessel by means of a magnetic 
field* 
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Photon Rockets 

This fourth mode of rocket propulsioii is 
different from any of those already conslderedi 
and possibly even more in the realm of specula- 
tion. The photon rocket is of unusual interest 
because it offers the prospect of space travel 
at a speed i^roaohing that of lig^t. If man is 
ever to leave the solar system and explore the 
stars beyondi such speeds will be required. 
The nearest star group to Earth; namelyi Alpha 
and Proxima Centurii is 4.3 lig^it-years distaxiti 
that is to sayt even traveling with the velocity 
of light the one-way Journey would take 4.3 years. 
No other means of propulsion could provide 
velocities approaching that of lig^t. Any lesser 
speed propulsion system would require more 
than a normal lifetime to complete the Journey. 



It is for this reason* that the somewhat speculative 
concept of the photon rocket is being given serious 
consideration. 

According to modern theory, all electro- 
magnetic radiations are emitted, and travel from 
one place to another, as particles known as 
photons. All photons move with the velocity of 
lig^t. In fact, the esqpressions '^velocity of a 
photon" and < 'velocity of lis^t" have exactly 
the same significance. Each photon carries a 
specified amount of energy, called a quantum, 
the magnitude of ¥^oh depends on the frequency 
(or wavelength) of the radiation. It has been 
long known, even before the development of the 
theory of photons, that li^t rays and electro- 
magnetic radiations, in general, can produce a 
pressure when they impinge on a surface. This 
radiation is ascribed to the impact of the photons. 
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Chapter 6 -ROCKET PROPULSION 




A purely ideidlMd desigD for aidiotoh rboket 
IQ shovm nearbyt The engine consists essen- 
tlaUy of a strong source of photons» for examplei 
a solid body at hi^ fen9erature» with a means 
of focusing fb» photons Into a rou(^ parallel 
beam. Emission of the photons in the dirootion 
indicated would produce a reaction in the op- 
posite direoti(m» in the usual manner. The sys- 
tem would be equivalent to a rocket with an 
exhaust gas velocity equal to the velocity of 
li^t. The ideal specific impulse is eqiial to 
the esdiaust velocity divided by the acceleration 
diie to gravity at Earth's surface» that is» 82,2 
feet per second per secohd. Since the velocity 
of U^t is 9t82 X 10® feet, it is seen that the 



tfaeoretloal value for the specific impulse of a 
photon rocket is more than 30 miUion seconds. 
However, the Idfgbly attractive prospect of such 
an exceptionally large speciflo Impulse is off- 
set by. the enormous amount of power required 
to operate the photon rocket. For exan^le, a 
oontenqporary plu>ton conversion rocket that mlj^t 
develcv a thrust of one pound would require 100 
million times the heat energy of a chemical 
rocket, developing the same thrust. Thie gxeat 
difference is due to present inefficiencies In 
convertiing fuel materials to light (photms). 
Because a photon rocket would have to operate 
for long flight periods, the mass of fuel would 
reach overwhelming prqportions. 



Solar Sailing 

Finally» let us took at an entirely different 
form of idioton prq^ulsioh that can perhaps be 
used within thci solar system^ but probably not 
beyond. This is the concept ciedled sdar sallingi 
whioh would utHise ^the pressure exerted on a 
surface jOiol^'frcan.t^^^^ That tiie Gk^^ 
iradiatloii does prodube an qypreciable fhriist in 
the vicinity of Earth is known, for example» fxam 
the observed pertubations of the orbit of the 
ECHO I and ECHO 2 ballon satellites. 

Solar sailing would be achieved Iqr attaching 
to a vehicle a *<sail** ponsisting of a large area 
of a strongi Utthtweig^t material. This mlg)it 
be plastic film, coated on one side with a thin 
layer of reflective aluminum. A scdar sail with 
a reasonable area of 1000 square feet would 
develop a thrust of 2.x 10*^ pound. Although this 
is small» it would be produced continuously In 
space where gravitational forces are small, so 
that considerable velocities oould be built m In 



the course of tlnie. One of the features of the 
solar sail is that it does not have to carry any 
prbpellant, since the {fliotons are supplied hy the 
Sun. Conseqiiently» the ideal specific impulse 
is edEfeotively infinite. 
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The solar sail vehicle could be guided to 
some extent )jy changing the direction of the sail 
with reference to the Sun; this would, of course, 
require the e^qpenditure of some energy. Be- 
cause of the large area of the solar sail, this 
technique could te employed only where aero- 
dynamic drag is negligible, in the regions between 
the planets. Thus, solar sailing mi^ be of in- 
terest for the propulsion of instrumented, un- 
manned interplanetary probes. It should be 
noted that the thrust per unit area due to solar 



radiation pressure varies inversely as the 
square of the distance from the Sun, Con- 
sequently, the thrust will increase steadily in a 
Journey from Earth to Venus but will decrease 
in going to Mars, so that the space vpyagers of 
the future, as with seafarers of the past, will 
face periods of doldrums and fair winds. They 
will tndy earn the title of * *Astro-nauts> > as 
they face the many hazards of sustaining human 
life as they propel themselves about in 
space. 
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CHAPTER 7 



BIOASTRONAUTICS 




GENERAL 

Bioastronautics, like fbe other space-oriented 
scienceSi has come into its own on the riqpidly 
rising tide of technological advancements which 
has characterized the 1960*s, Man's age-^old 
dream of travel to the stars is an extension of 



his indescribable urge to conquer the unknown. 
Now nearly within his reach lie the vast regions 
of space, Yeti eagerly poised on the edge of this 
void, he faces an environment which has no equal 
on Earth— an environment which will tax his 
body to the maximum. 
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UNITED STATES 



MERCURY 
SERIES 

MR.3 
MR*4 
MA-6 
MA*7 
MA*8 
MA*9 

GEMINI 
SERIES 



GO 

G^ 

G.5 

G.7 

G4 

G.8 

G.9 

G.10 

G.11 

G.12 



TIME 

G-9 

iG-n 
G-12 



MEM 

:t9 



DATE 








VOSTOK 




ASTRONAUT 


ORBITS 


TIME 


SERIES 


GATE 


5 MAY 61 


A. SHEPARO 


SUB ORB 


15MIN. 


VOSTOK i 


12 APR 61 


21 JULY 61 


V. GRISSOM 


SUB ORB 


15 MIN. 






20 FEB 62 


J. GLENN 


3 


4.9 MRS. 


VOSTOK II 


6 AUG 61 


24 MAY 62 


S. CARPENTER 


3 


4.9 MRS. 




3 OCT 62 


W. SCHIRRA 


6 


9.2 MRS. 


VOSTOK III 


11 AUG 62 

12 AUG 62 


15 Moy 63 


L. COOPER 


22 


34.3 MRS. 


VOSTOK IV 



23 MAR 65 

3 JUN 65 
21 AUG 65 

4 '^EC 65 

15 DEC 65 

16 MAR 66 
3 JUN U 

. 18 JULY 66 
12 SEP 66 
11 NOV 66 

ASTRONAUT 

E.WHITE 
E. CErtNAN 
M. COLLINS 
R. GORDON 
E. AtDRIN 



V. GRISSOM 
J. YOUNG 

E. WHITE 

J. MeOIVITT 

L. COOPER 

C. CON RAO 

F. BORMAN 
J. LOVELL 

W. SCHIRRA 
T. STAFFORD 

N. ARMSTRONG 

D. SCOTT 

T. STAFFORD 

E. CERNAN 

J . YOUNG 
M. COLLINS 

C. CDMRAD 
R. GORDON 

J. LOVELL 
E. ALDRIN 



UMBILICAL 

23 MIN. 
2HRS. 8 MIN. 

38 MIN. 

36 MIN. 
2 HRS. 9MIN. 



66 



4.9 HRS. 



97.9 HRS. 



128 )90.9HRS. 
220 330.6 HRS. 



17 

6.5. 
47 
46 
47 
63 



TOTALS 

ORBITS FLIGHTS MAN HOURS 
677 24 1992.9 



25.9 HRS. 
72.3 HRS. 
72.3 HRS. 
70.8 HRS. 
71.3 HRS. 
94.6 HRS. 

STAND UP 



53 MIN. 

2 HRS. 15 MIN. 

3 HRS. 28 MIN. 



EVA TIME 
12 HRS. 29 MIN. 



RUSSIAN 



COSMONAUT 



VOSTOK V 14 JUN 63 V. BYKOVSKY 
VOSTOK VI 16 JUN 63 V. TERESHKOVA 



VDSKHpD 
SERIES 

VOSKHOD I 12 OCT 64 V. KOMAROV 
K. FEOKISTOV 
8. YEGOROV 

VOSKHOD II 18 MAR 65 A. LEONOV 
P. BELYAYEV 



ORBITS 

1 

17 
64 
48 
81 
48 



16 



17 



EVA 
TIME 

VOSKHOD II 



MEN 
10 ♦ 1 WOMAN 



COSMONAUT UMBILICAL 



TIME 
1.8 HRS. 

25.3 HRS. 

94.4 HRS. 
119.1 HRS. 

70.8 HRS. 
70.8 HRS. 



24.3 HRS. 



26.0 HRS. 



STAND UP 



A. LEONOV 



10 MIN. 



TOTALS 

ORBITS PLIGHTS 
293 11 



MAN 
HOURS 

507.3 



: EVA 
TIME 

10 MIN. 



Between 1961 and the tragic flight of Cob-* 
moaaut Komarov in 1967, a total of 29 men and 
one woman spent over 2500 hours orbiting tlie 
Earth, 

These figurTO, tfaou|^ Impressive, 
a relative lack of eiqpierienge when one oonsiders 
the hostile oonditioiis man faces in spaoe»HiBi2tf 
of radiatioDit intense heat and tetter cold, the dis- 
concerting efteots of long durationt weightless- 
. ness, cramped living conditibhs, altered eating 



and steeping haUts, all of these pose formidable 
problems to a space ti*aveler, A tremendous 
amount of money and effort has been spent in 
an attempt to simulate the environment of space, 
but nowhere on Earth can one eaqperience these 
rigors in a spacelike combination Thus every 
manned mission has proven vital to subsequent 
flights because each developed man's ability 
to cope with the hazards of space. Let us now 
consider these hazards to manned spaceflight 
in* more detail. 
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RESPIRATION 

After fhe fiery tragedy Id late January, 1967, 
(claiming the lives of Astronauts White, Grissom, 
and Chaffee) the selection of gases for human 
respiration while in orbit has come under close 
^investigation. The original decision to use pure 
ojgrgen was reviewed extensively as committees 
and study groups reconsidered the pros and cons 
of single or a two-gas system; Obviously, the 
most important atmospheric gas for man's res- 
piration is oxygen. In fact, if the brain cells are 
deprived an adequate supply of os^gen for 
more than 4 minute^ ;ir reversible brain damage 
<.cours. But the' body's need for atmospheric 
nitrogen is not so well understood. Itwas thoug^it 
that nitrogen, was simply an inert gas — notutilized 



human tissue. Now there is reason to believe 
that nitrogen may play a- vital part in respiration 
and lung mechanics and may possibly be a subtle 
component of man's physiological system. Thus 
for a simple status quo, one would be inclined 
to supply space travelers with a two-gas system 
(nitrogen/oxygen). This approach has been taken 

the Russians for all but one of their manned 
fUgbts. However, engineering problems do exist. 
The use of a two-gas atmosphere requires extra 
tubing, valves, and sensing devices to regulate 
the gas ratios. Furthermore, additional gases 
must be stored aboard and the spacecraft shell 
must be strengthened to withstand the higher 
pressures necessary for a two-gas system. 
These extras lead to a major increase in weight 
for the two-gas system. 
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In addition, the use of a nitrogen/os^gen 
atinoBpbere has one seriouB drawback - danger 
from the bends] Just as deep sea divers may 
develop the bends when coming up from ocean 
depths, so astronauts can produce nitrogen bub- 
bles when ascending from sea level to the zero 
pressure of space. In factt anytime man is ex- 
posed to atmospheric pressures equivalent to 
18,000 feet and upwards, he muy suffer from 
litrogen bubbling out of his blood and tissues 
into his Joints, skin, lungs, and brain. Thus in 
Russian capsides, where 03^gen/nitrogen atmos- 
spheres are used at near sea level pressure, a 
sudden decompression would almost assuredly 
result in a case of the bends. The Russians, 
realizing this, had an elaborate system for res- 
piration aboard the Voskhod II spacecraft when 
Leonov performed his 10-minute space walk^ 
From liftoff to orbit Leonov was breatUng 100% 
o^grgen while his partner was inhaling the stan- 
dard oxygen/nitrogen mixture. Thus, when it 
came time for Leonov to decompress and express, 
he had purged most of the nitrogen out of his 
system and the bends posed no problem. 

Historically, when drawing up plans for the 



Mercury Capsule, NASA was looking for alight- 
weight respiratory system easily tolerated \jy 
man. At that time many ground experiments 
had shown that a single gas system using 100% 
o^^gen at reduced pressures could be empbyed 
for two to three weeks without ifyparent harm. 
Usable oa^gen pressures lay between 2,6 psi 
and 7 psi. Breathing at oj^gen pressures below 
2,5 psi, one suffers from hypoxia (insuffloient 
OT^gen) and above 7 psi one develops symptoms 
of dizziness, coughing, numbness and the tingling 
associated with oxygen toxicity. Thus an atmos- 
phere of pure oxygen at 5 psi seemed the least 
of all evils (avoiding heaivy payloads, complicated 
two-gas systems, the bends, and so forth). Our 
Mercury astronauts successfully circled the gldte 
34 times breathing this umMitural atmosphere of 
pure oxygen. 

In planning the Gemini flights the basic de- 
sign change was to enlarge the Mercury Ci4>sule 
to acoommodate two persons. All systems that 
had been reliable were utiUzed, Since only short 
14-diQr flights were planned for Qemini, and since 
space walks were important phases of the mis- 
sions, Gemini also used pure oxygen. 
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However, the Apollo Program developed dif- 
ferently. In 1962 oontracts were let for a two- 
gas atmosphere, 50% o^gen and 50% nitrogen 
at 7 i$U But wben pressed for time, money, and 
weight, NASA planners decided to stay with the 
successful Mercury /Gemini oxygen atmosphere 
for Apollo. By the end of the Gemini series only 
one drawback to the pure oxygen system could 
be found. Blood isotope studies on Gemini fligihts 
4, 5, and 7 revealed the astronauts were losing 
red Uood cells. These are the vital cells which 
transport oxygen to the tissues. Something was 
destroying them. Frank Borman, on the 14-day 
Gemini 7 flight, lost an estimated 20% of his 
red Uood cells. Presently, it is thou^t that the 
100% 039gen atmosphere renders the red cells 
more susceptible to destruotion. AltfaoUj^ the 
medical esqperta are some^diat concerned about 
potential blood damage, they believe man can 
function effectively on a short mission breath- 
ing pure oxygpn. 




Thus, NASA is presently using a single gas 
sjrstem which is considered adequate for periods 
of 30 days or less (time enougjitoreach the Moon 
and return). But when speiaking of manned inter- 
planetary travel such as an S-month trip toMars, 
the present state-of-the-art for astronaut respi- 
ration is inadequate. 

A two-gM 1^ is being developed for 

the Appuo i^iicatlons Ffojgram,utiUzingoxygen 
fuid niteogen«^^ program three men will 

circle the Eiartb at an altitude of 260 miles >Rdille 
oovOxxoOng^e^ This 
is weU dutside the s^ a jpure oxygen 

system. It Is studies and 

ejqperimentation inblufUng mannidd spaoefUg^ts 
are necessary td :sblvie^, t^ reispiration 
prbUem on sudh^fli^^i'^^^ , ; ^ 

shouU be^^mi^^^^ oxygen 
(Ukted wi^ . g^ nitroBEm; Arg^ 

neon^ : and Iqr^^ 
fbr hiunanrc^^ 
mwufactura^^'i^^^ 
er8a]y;pard^^ 
heUumt haye ;be^ 
and^^RuiBi 



and has tentatively chosen os^gen/helium for 
the Manned Orbiting Laboratory. NASA, however, 
favors using nitrogen for its long term missions 
requiring a two-gas mixture. 



WEIGHTLESSNESS 



Weightlessness affects three of the bodly's 
systems directly: (1) man's organs of orienta- 
tion, (2) the. cardiovascular system, and (3) the 
musoulo-skeletal system. In the Mercury series 
of^amieigi flifl^ts the area of prime concern 
to NASA's /doctors 
neraP^dnmik^ 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 



on Earth we maintain our balanoe using four 
separate indicators: our vision, our sense of 
touch and positicm, our semicircular canals and 
otolith organ in the ears. Signals from each of 
these systems are constantly being monitored. 
In space, however, cabins do not bam wtbp^ 
around windshields and visual clues are often 
lacking. In a tumbling situation, the semicir- 
cular canals can give erratic signals to the brain, 
and the otolith orgfoi nearly ceases to functioo 
without gravity. Fimdly, the sense of touch 
throUg^t ttie hodf is certainly altered as one 
^ floats away from the seat* All of these oondi* 
tiphs lead to disorientatim and vertigo. The 
Russians have admitted a few of fheir cosmooiBUits 
were on the verge of motion sickness. It is ^f 
interest to note that these cosmonauts were rot 
trained aviation personnel. No American astio-* 



nauts have e^qperienced disorientation. In fact, 
cosmonauts and our astronauts with many hours 
of flight esqperience have denied any periods of 
disortontation. Thus, it appears that fUgJittrain- 
ing or simulation training may be the answer 
to the problem. 

Further studies with the effects of wei^t- 
lessness on the vestibular or orientation system 
will be included in the Apollo Applioati<ms Pro- 
gram. A time and motion study utilising movies 
of the astronauts while they perfbrm daily tasks 
may reveal, among other things, their ability to 
become accustomed to the sero g of their new 
home. Also, an iq^iparatus ^oh measures 
occulogyral counter rolling (a phenomenon of 
otolithic action on the iris of the eye during 
pendular movements of the body) will be inohided 
in this orbiting laboratory. 



Welf^tlessness affects the oardimraflouiar 
syiitein more directly. ' Man*, heart and Uopd 
vessels are geared to a gravitational environ- 
ment. The amount of tflbod within the vascular 
"tree*', the volume and dlstrlbutipn of Uoodto 
the or(puis» and even the. force of each heart* 
heait is influehoed by gravity. In tibe weli^fleBS 
state Uood tends to pod b porUotus^^.i^ 
Hormonal and iasural regulatory ;iDMohanlBihe> are 
ti^lggered to twn^ensato; Ipr. tbia j^ipprmal pm- 
dltlon. Two Mercury uinmauis 1^4 M^^^ the 
demlnl astroniautshave siuwn viaxyl^ 
oardlovasoiilar deioondltionlDg after tbajfr flii^. 
Their hearts and blbbdi«rss4^^^^ to the 

v«etovK;of spaioe andv*'^^^ 

^I^Ait^^iihdb^^ 



:itm'''tel5*BA|sb^^ 
liise Inoraased^^ 
S. ithis 6 
:M^ldb^:^TheTC^ 
^lleiiuleK,l'perl«]8M 
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NASA's doctors are attenopting to remedy 
this cardiovascular decondltloning by yarlous 
methods, in Gemini 7. James LoveU wore Uood 
pressure cuffa on his upper thlg^ y/bldh inflated 
at various times and forced the heart to wwk 
harder in pumping Uood to his legs. This did 
not fully alleviate the oonditicn. Oemini astro- 
nauts also carried a bungee cord exerciser with 
^ pivsioally fit. In a future 
Apollo fUf^ an elastic garment will he donned 
from the waist down hythepUotprlorto re-entiry. 
utilizing the '•CP! , suit principle to preclude or^ 
thostatio hypotension. And finally, in the ApOllo 
Applications Program a large oamdster witti a 
waist dlqibragm will be Included. The astronaut 
will climb into the apparatus, seal himself firom 
the waist down, and turn on the suction. A hega- 




Uve pressure will be applied to his lower body 
which will draw Uood into his legs, it is hoped 
tUs may Improve circulation and restore tone to 
the blood vessels and heart. 



Finally, iet% oooslder ;vrolghtleisiies8 and 
man's muaoulo—kaletal avatam. Past medical 
studies of paralytio patients had shown ttiat knig 
bed confinement or immobliity 1ml to atrophy or 
wasting of inusoie and deminsraliution of bones. 
Apparently this is due to tfaefaotthatthe stresses 
and strains placed iqjKU muscles and bbnes during 
man's everyday fli^ to stand erect aiainst 
gravity were no Idnger presmt. TbuStthe^bo^y 
felt no need to inaihtaln muscular tone and retain 
minerals. Sinilliir to bed confinemetat* weighi- 
lessness has the same effect on main, idthoui^ 
no musoiUar atrcq^ hiw^ 
due to the shovt^duratioa oif tte fUghts and the 
counter effect ot ^td merblM regim^iu 
calcium Idss fixan;;yari(ki8^^ atti'dlifKuts. 
has occurred. Thrbu^ x-ri^r daMitbiDilb 
hand and foot booM of GenUni 5 
13% to 15% calcium deficit was fouyf in theseW 



dally dletSs This dietary sufiplement plus an 
dxeroise regimen Bignifioantly lowered the loes 
of oaldum from the bones of astronauts on 
Gemini 10, 11| and 12 lli|^ts. However, oal- 
eium lo|i was not eradloateds 

It is present^ felt that the problems just 
disoussckl oonoernlng the efiteots of weightless- 
ness. wiU be completely alleviated only im- 
positton ,of a pseOdo-gravitatldnal environment. 
This could be partially stqiplied by a spinning 
dmnit-slifved space station or im on-board oen- 
trlftige for tfaeastroiuaits use* 



^^^^ 
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RADIATION 



Respiration and weightlessness have prob- 
ably posed the most oritioal problems to man^s 
existence in space to datCi yet with prqposed 
longer missions, other hazards become signi- 
ficant, especial^ radiation. 

Space radiation consists of an a mal g am ation 
of dangerous high frequency rays (ultra-violet, 
X-rays, gamma rays) and enormously energetic 
particles (electrons, protons, and cosmic rays). 
Any of these which make a direct hit on a human . 
oeU can cause damage. The greatest radiation 
hazards to man occur in two separate phenomena: 
Van Allen radiation and solar flare radiation. 
Peak intensities of radiation in the van Allen 
Belt occur at an altitude of a few thousand miles 
above Earth. An unprotected man esqpdsed in 
this area might receive a lethal radiation dose 
in a few hours. . Because Mercury orUts were^ 
below the Van ^en Belts, radiation was not a 
hazard. Gemini orbits, however, were farther 
out and a few flights passed throug^i the inner 
Van Allen Belt. Doses of radiation recorded by 
dosimeters carried on the; astronaut's helmet, 
chest, and thig^ ranged from 40 to SO millirads 
on Gemini 0-5 to SOO-750 millirads on Gemini 
10. Doses considered to be toxic to man range 
between 25 to 150 rads and iqpwards. Thus, 
the millirad es^osure (1/1000 of a rad) seems 
sli^t indeed. However, ttiere is concern for 
Apollo astronauts because they will penetrate 



It has been calculated that astronauts will 
be protected from solar flare radiation while 
inflict by the shielding effeqtv^of tlie ApoU^ 
command module. But shoiddfthey be eoqpos^^ 
to a dare of mcklerate inagrdtu the 
lunar module^ or on tte 
walk on the Moon, 1^ radiat^ 
gastrointestinal or hemaiplc^t^^^ 
ently,' t^^ are no provisions i^pr^^ 
of the utrcmaiits as ibis r 
weigjht: 

flarb^ jctf dc^^ oobur 
landuig,^ :>i£^pnfa^ 
ini8Sion:wi^ 

■tRebent , 
on niandii^^ 
that'CWt^^ 
ih;;ju£;a^^ 
' creaM 
dUtoeaMi^F 



ULllhV/iOLET RAYS 



■/ (;.],■;-;//] RAYS 

■- cLtiC fiW^S 

•' : • PROTONS 



COSMIC RAYS 



the Van . Allen Belt wUiie on their Journey to the 
Moon. Then, too, they will also be e3q>osedto 
bursts of radiation caused by solar flare activity. 
Solar flares exhibit a cyclic pattern every 10 
to 12 years. Solar flare intensities and occur- 
rences are expected to be at a peak in tbe 1968 
to 1971 period. 



every 100 days of galactic radiation e3q;K>sure, 
an: astonaut^s life would be shortened -20 days. 
This seems a calculated risk to chance for space 
ejqploraUon yet it is one of the many hazards 
confronting space travelers. 



Chapter 7— BIOASTRONAUTICS 




TEMPERATURE REGULATION 
In space, disposal of heat poses a major de- 
sign problem. Heat is added to the spacecraft 
ay many means: The Sun, workings of internal 
equipment, re>entry maneuvers and even the body 
of man. The ingenious use of ablative materials 
to dissipate tremendous heat loads during re- 
entry is conimon. Changes in temperature due 
to e]q;>osure of the spacecraft to altematlnK peri- 
ods of sunlight and total darkness putsquite a 
demand on the environmental temperature control 
systems. Mercury astronauts were cooled by the 
osculation of oxygen through their pressure suits. 
The excess heat was transferred to a stored water 
coolant and dumped overboard. The overall initial 



GEMINI SPACE RADIAIOR 



M/VON{ SlUM 



MAONfjIUM \\ TYPICAL 
5KIN \ MCTiON 

\ A-A 



^ ;^^H^>VC Eft!/ 



welsfht of stored water coolant that would have 
been reqiiired on Qemini and in the forthcoming 
Apollo missions was prohibitlves Hence a closed 
system to permit recirculation of water/glycol 
coolant throu^^ radiator panels in the spacecraft 
walla was emplpyeds This method of regenerative 
cooling has proven quite satisfactory and tem- 
peratures of 70* to 75* were easily maintained 
for Qemini^ It is hoped that during the i^llo 
missions the astronauts can shed their space suits 
and wear an inflict coverall garment whenever 
they are not in a powered jdiase of flints Such 
natural phsrsical comfort should lead to higher 
morale* enhanced performance, and better func- 
tion of physiological systemse 



4'f' 




SPACECRAFT CONTAMINATION 

With the lowered pressure inside the space 
cabin, and a relatively small closed living area, 
ccnt amin a t loii of the Oabin-poses a serious en- 
ylroninental ^^^1^ The astronauts' ability to 
Overdo^ hampered 
;^;ia Uving q>abe equipments In- 

:Cni^ttoD,^ip|aUi6,^a^ will "gas out" at 

J^Baao(^;^p of noxious 

liases; ^i^^Efte^^ yleM 

fact, over 

j^separa^ 

^ta|f;s2^hp^ 

'^^^'''' ^Mth this ben 
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the capsule leaked more o^^gen design than 
the astronaut breathed, hence there was a con- 
stant purging of contaminants. The Gemini cap- 
sule also leaked* and when one opened the hatch 
it was like a house-cleaning - all sorts of things 
floated Bwey. Still only preliminary attention was 
paid to the materials used in construction of the 
Gemini interior. The Apollo module, similar to 
its two predecessors, will leak a 2-lb. per hour 



rate but two other safety factors will be included. 
Firstly* all materials used in construction of the 
spacecraft will be pre-tested in toxicology labs 
at reduced pressures. Secondly, a gas analyzer 
or chromatogri^, yfMch is able to detect and 
analyze 75 different gases, will be carried aboard 
the Apollo spacecraft. Cabin air will be periodi- 
cally sampled for contamination, and if necessary, 
cabin purges will be made by venting to space. 



EXTRA VEHICULAR ACTIVITY (EVA) 

One of the more important missions of the 
Gemini series was the assessment of man's 
ability to maneuver outside of his spacecraft 
during flight. Five Gemini astronauts spent 
a total of 12 1/2 hours standing up and <<hang- 
ing'' up in space. Ed White, our first astronaut 
to step off, qpent 23-minutes <<swimming'' about 
the Gemini vehicle. Aside from testii^ feasi- 
bility of a hand-held maneuvering gun for moving 
from one point to another, his major purpose 
was to float about and evaluate his ^sensations. 
NASA used voice boxmnunibf^ 



cardiogram, and respiratory rate measurements 
to assess the physiological and psychological 
impact on Astronaut White. Except for an 
elevated heart rate noted on egress and return 
to the ciqpsule (probably due to work associated 
with camera mounting and closing the hatch), 
the walk was entirely successful. No physical 
degradation was noted. 

However, during Astronaut Ceman's excur- 
sion in Gemini 9 on 3 June 1965, the first signi- 
ficant problem arose. Durisighis EVA maneuvers 
the buildup of metabolic body heat exceeded the 
cooling ciq;>ability of his suit and his mask fogged 
due to excess pers^dration. His walk was ter- 
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mlnated early. But probably the most dlsoon- 
oertlng excursion was experienced by Astronaut 
Gordon on Gemini !!• His problems began even 
before egress when he became wedged in the 
spaoecraft by his inflated suit. Then hi^ gold- 
tinted helmet visor would not drop into place 
and he and Command Pilot Conrad worked for 
30 minutes to free it. Finally, already tired, 
he made his wqr out into space and maneuvered 
toward the Agena target vehicle. The task of 
trying to tether the Agena to the Gemini oqpsule 
became monumental. His heart rate doubled 
and his respirations nearly tripled ais he strug- 
gled to aocompUsh the mtmeuyer 
eiqpected to be simple. His vision became blur- 
red by perqpiraticm Aid he was called back to the 
spaoecraft after only 36 minutes of EVA* : 

Mtor these some^at unnendng e3q[)eriehbeSt 
it became evident^^^ t^^ walks were not 

simple. The work of weJkli^ seeims-to 
Involve two iu^e^ FlrajOy, 
and lidgs, man must bvercbme t^ res^^ 
ttie Jol^te hi 
td iJ)but 3.5 psi/^-^ 
blowl^ 

out ^Widp;t^^^ ; 
mabi^ 



straps, the astronaut may be ''drawn up** into a 
semi-sitting position with his arms partially 
flexed. To move the legs and arms further to 
accomplish tasks is all work. Secondly, man is 
a victim of Newton's ''action-reaction" principle. 
Every movement of the arm or leg causes a 
small but significant opposite movement of the 
body in space. Hence, applyiog pressure and 
torque to objects is impossible unless one is well 
braced and coupled to them. Thus, NASA chose 
to postpone Gemini 12 for over a week to allow 
Astronaut Aldrin to practice various tasks in an 
underwater simulator. More hand and bod|y holds 
were added to the spacecraft's outer skin so 
Astronaut Aldrin could brace himself while he 
worked^ The extra bri 

warcf pkanges paid oft handset Gemini 
12 set a new EVA XBdord (5hpun andls? minutes). 
Two hours cud 9 time was spent 

in free-hoi^ing umUUoa^^ abtivitieB and most 
iUfficiatlea^^n^^ 

naut Aldiih repo^^ in turning 

screws or 

At no t^ did bis heart rate, nonhally about 70; 
^meed 130 limits for 

exeroiM.-^^': hy Aldrin indi- 

rbiedteB nii^^^^^ wiU be able to work effectively 
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POOD 

Food interests everyone inoluding astronauts 
as mealtime is a welcome change from the rigors 
of spaceflight. The preparation off oodforspace- 
fli^t is a complicated task. The daily metabolic 
and caloric requirements of man must be sup- 
plied, yet certain limitations on the types and 
forms of food must be observed. The meals 
should be of low fiber c<mtent (to minimise, bulky 
waste) and they should be low flatus producing 
(to minimize intestinal gases). The food must 
not crumble or flake in the spacecraft, and liquids 
cannot be allowed to disperse under wei^tless 
conditions. Wittiin these limitaticms the resulting 
food must be palatable, aesthetically acceptable, 
liglit, and easily stored. For the last Mercury 
and all of the Gemini flints Ute-8ised, rehydra- 
table foods were available. In all, about 50 items 
were prepared, similar to those in the illustra- 
tion. A water gun similar to the one lUustrated was 
used to re-lqrdrate some foods. This gun also 
served as a souroe for drinking water. Since 
only cold water was available on Gemini flights, 
the dieticians had a difficult challenge to supply 
palatable meals. Between 2000 and 2500 calories 
(1 dietic calorie ■ 1000 small heat calories) 
per man per day were routinely supplied unless 
special nietabolic studies including food utilisa- 
tion aspects were being conducted* FewproUems 
were encountered with the food in general, and 
astronaut aoo^ptanoe was good* Early Gemini 
flights scheduled four meals a day; biitasobedule 
cd[ three meals a day baseid on Ci^ Keimedy time 
has proven more abceptiable. Apollo flights will 
have more diverse food items avfdl^^ 




hoped that foods such as v^iners^ ham, and 
chicken loaf will be carried in tiie natural form. 
An important added feature in the Apollo module 
will be a rebessed hot water spigot. Appropriate 
re-hydrataUe foods mi^ then be reconstituted 
virith water at; 150 ?F, thus enhancing their taste 
appeal. : 1 
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WASTE CONTROL 

With the advent of longer space missions the 
oontrol of humsin waste becomes increasingly 
important. Urine disposal has been easily ac- 
complished venting it overboard to free space 
where instant evaporation occurs. But the dump- 
ing of solid excreta into space has not been done 
and all solid waste has been carried back to 
Earth. . 

Astronauts for short Mercury flights were 
placed on a low residue diet 5 days prior to 
liftoff I thus avoiding need to consider waste man- 
agement. BesideSi the Mercury space suits were 
' not designed to allow defecation. But the longer 
Gemini flig^tSi by necessityi required changes. 
The suit was redesigned with a zipper which 
extended downward from the lower abdomen be- 
tween the legs and up the back, thus providing 
access to the genital areas. A plastic bag, as 
depicted in the accbnqpai^rlng Ulustration, was 
carried by the astronauts. The qpening of the 
bag was ringed hy an adhesive surface whidi was 
appUed around the anus to eff^^^ After 
defeoatipn a disinfectant pill Was added to the 
bag of waste which was stored aboard until re- 



The Apollo module will have a small toilet 
chair arrangement. A semi-permeable double- 
walled bag (which will allow gas flow but not 
water or solids) will be placed on the seat ring. 
A series of gas Jets in the ring will direct a flow 
of air down thru the bag, thus drawing solids 
toward the bottom. The solid wastes will be 
stored aboard and returned to Earth. Much of 
the urine and stool on future missions will be 
analyzed chemically for metabolic studies on 
food assimilation. 

Projected plans for using human waste in- 
volve recovering potable water from the urine 
and stool. The remainder of the material could 
be detoxified and fortified with mineral supple- 
. ments and used as fertilizer for ecological sys- 
tems on interplanetary flights. 

PSYCHOLOGICAL FACTORS 

A review bl the problems of manned space 
flight would be incomplete without mention of 
pisychological ccmsiderations. Astronauts will 
be confined to a small living arest their tasks 
miay become r<mtlne, and thiey will be esq^osed 
to fatigue, altered sleep patterns and confine- 
ment. Yet frequjently they will be required to 
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0tay mentally alert ard pbysioally active during 
orltioal phases of flli^ 

It was InitlaUy feared the astronauts might 
eiqperlence feelings of Isolation or separation such 
as the ^^break otf** phenomenon ejqperienoed as 
a dlssooiatloii from Earth which has been re- 
ported by p^9ts flying at hif^ altitudes. Men 
esqposed to strtngent tasksi and under stress 
from isolation and fatigue mig^t also esqperience 
a wide variety of visual and auditory halluci* 
nations* 

In the Mercury series ample coniaot with 
the astronaut was maintaindd lof ground ddntrol 
stations/ there was little time for monotonyi 
The Gemini Mtwins>> oould tal^ to eaucdi other 
as well as to communicators dp t^^ groundf 
and their waldng hours were filled with esqperi- 
ments. Thus, there has been no evidenpe of any 



of the predicted psyohologtcal aberrations. On 
a few occasions astronauts have taken amphet« 
amine to increase their alertness Just prior to 
re-^ntry. 

In sununaryi we have noted but a few of the 
major stumUtaig blocks strewn about the flight 
path of man as he ventures to <^slip the Bonds 
of Earth^\ Witti ttie successful comptetion of 
the Gemini fUg^ inaii^ questions have been 
answered puod problems scdved* but as witti most 
progress, new questtons and ilreas of inveatiga* 
tion afe revealed* Tfaiaipe is enou|^ information 
presently available to; siqr iiiat man can exist in 
spaise )ong enoii|^ tp; j^et; to the Moon and back. 
But milnr more subtle factors may arise before 
man^qan visit planets with the carefree ease 
vdVx which he now flys from one continent to 
anottier* 



CHAPTER 8 

AUXILIARY SYSTEMS 





GENERAL 



The most reliable source of auxiliary power 
to date on space vehicles has been the sdar 
cell. Much work luis been^ in developing 
solar cell wraySi and^^m improve- 
misnto have been madeV However^ the solar dell 



of power necessary^ vlt l^ reasop that 

nuclear deyices, beat storaifl^ devices, fuel cells, 
and cSiemibal ftiel ei^Lnes are receiving mcnre 
tod nk^ attentl^ 



A*-, i.-.^.v ri- ^'i.-ii'iy-fhj:^^^ 



In this section we will discuss two prinaary 
categories: First, those systems which convert 
heat energy from some source into electridal 
powers and secondly, those systems which pro- 
duce electrical power . more directly, 

CONVERSION TECHNIQUES 

There are three principal methods of con- 
verting heat into electrical power under develop- 
ment at present. These are the turbogenerator 
(using a Rankine cycle or Braytoh oyde)i thermo- 
electric, and thermionic conversion, 1 
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Most ttioAQTB are familiar wifh; ttie Rankiiie 
cycle which is used to drive a turtoganera^ 
The Rankine cyde uses heat to boil a liquid, 
and the ei^anding vapor or steam drives a turbo- 
generator to produce the electrical power. The 
vapor is then condensed by cooling before being 



j^etumed to the boiler. In space, the only methocf. 
available for oooling is discarding heat aiv 
radiation. The operating temperature of the 
workhag fluid must be hi^, since condensation 
by le»s of heat through radiation becomes signi- 
ficant only at hig^ temperatures. \ 



The other thermodynamic cycle considered 
for use with ttie turbogenerator -is Brayton 
cycle. Cold argm gas is compressed and then 
passes through a regenerator in which it is pre- 
heated by hot gas ftom the turbine exhaust. The 
gas is then heated to a maximum temperature 
in the reactor and is esqpanded throu^ a turbo- 
generator. ^ The gas passes through the regen- 
erator where it ^ves up some of its heat to the 
gas leaving the compressor; Heat is also given 
up in the radlatw before the cooled gas enters 
the compressor to pass through the qycle again. 

For the sajou) temperature Brayton 
pycle is less efUcient and requires a Uuger 
radiator than the Raiikine cycle . Yet, the Brayton 
cycle is receiving increased attention today be- 
cause it may alle the problems in the con- 
* denser, as well a8;0orrosion; and erosicm present 
in the turbines that use the Rankine oyiole. : 
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Because a conventional turbogenerator in- 
volves moving partSi consideration is beli^ given 
to other techniques fc^ converting heat into elec- 
trical power which are mechanically more simple. 
One of these makes use of the principle of thermo- 
electric conversion. It is well-known that if one 
Junction between two different metals is main- 
tained at a hi^er temperature than another 
similar Junction! an electromotive force is pro- 
duced. Present di^ devices use semiconductors 
to produce this electromotive force because of 
the larger- power attainable. This electromotive 
force can drive an electric current through a load 
connecting the hot and cold Junctions. If we use 
our heat source to keep one Junction at a high 
temperaturoi and a radiator to keep t^e other 
Junction cold, a device is then available for gen- 
erating electrical power without any moving com- 
ponents. A disadvantage of the thermoelectiio 
system is its low efficiency for converting heat 
into electrical power. 



This direct generation of electrical power 
without a turbogenerator . can also be achieved 
by thermionic <mversioh. Basically, the c<xi- 
verter consists of two electrodes of different 
metals. One of these, preferably the one with 
the larger thermionic work function is maintained 
at a higher temperature than the other. Both 
electrodes tend to emit electrons, but the hotter 
one will do so more copiously. Since the elec- 
trons carry a negative charge, a positive charge 
will build up on the hotter electrode, referred 
to as the emitter. A negative charge vidll tend 
to form on the other electrode, called the col- 
lector. There will thus be a difference of poten- 
tial between the two electrodes which can oause 
a current to flow. If heat is continuously siqyplled 
to the emitter and removed from the ooUeotor, 
there will be a steady flow of current. The 
result is some^at analogous to that desoribed 
for the thermoeleotrio converter. 

Thermionic energy conversion appears at- 
tractive for space power generation because it Is 
a lis^twel^tt efficient, h^ temperature device 
without moving parts. 




87 

96 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 




SNAP 

Up to this pointi we have assumed a source 
of heat to be present^ but obtaining that source 
is an important part of the power s\q;>ply prob- 
lems. The most promising method obtaining 
significant quantities of heat* and thus power, 
in space, i^qpears to be the use of nuclear energy 
in reactors or radioisotopes. The purpose of 
the SNAP Program is to study various nuclear 
systems of these kinds. SNAP is an acronym 
for Systems for Nuclear Auxiliary Power. SNAP 
projects identified even numbers are based 
on nuclear fission whUe the odd numbered 
projects, involve the use of radioactive isotopes. 



The early SNAP-2 and SNAP-8 reactors are 
similar in design except for power output. The 
SNAP-2 was Intended to produce 3 kilowatts of 
electrical power and the SNAP-8 roughly 35 
kilowatts. In each case, the reactor core, which 
has a cylindrical form some 18 Inches in length 
and 15 Inches In diameter, is made \qp of a num- 
ber of fuel rods consisting of iL''anlum-235 mixed 
with zirconium l^dride as a moderator to slow 
fission neutrons. The choice of zirconium 
hydride as moderator and of liquid sodium 
potassium as coolant for the reactor was deter- 
mined largely the need for compactness and 
the ability to function at high temperatures for 
extended periods. 



To convert the heat gained from the reactor 
core into electric power, the hig^ temperature 
sodium-potassium coolant is passed tlffough a 
boiler ¥^re it transfers heat to liquid mer- 
cury, the working fluid. The emerging coolant 
is circulated back to the reactor core. The 
mercury vapor drives a turbine oQnneotod to an 
electrical generator. In completing the Rankine 
cycle, the mercury vapor leaving the turbine 
is condensed to liquid before returning to the 
boiler. 
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SNAP-50 as initially oonceived was to be an 
advanced reactor system, with a design i>ower 
of 300 to 1000 kilowatts of electrical power. 
The coolant was to be an alkali metal, possibly 
lithium, and boiling potassium was to be the 
working fluid for the turbogenerator im this 
Rankine cycle. Both lithium and potassium are 
very corrosive at high temperatures. There 
are only a few metals like odomUum, tantalium, 
and tungsten, or their alloys, which are able to 
contain lithium under these conditionB. Since 
there has been essentially no prior esqperlence 
In the use of lithium and boiling potassium imder 
these condittons, much research and development 
are required before such a system as the SNAP- 
50 can become an qperational system.. 




On April 3, 1965, SNAP-lOA was placed in 
orbit to test the thermoelectric conversion con- 
cept utilizing fission heat. The general design 
of the core is similar to that of the other SNAP 
reactors. It used a sodium potassium liquid 
as the working fluid ^ch was brou^t to a boil 
in the reactor, A number of thermoelectric 
elements, made from a germanium silicon aUoy 
were connected in series and arranged In the 



form of an annular shroud. The junctions on 
the inner surface were heated by hot sodium 
potassium coming from the reactor, nAiere- 
as, the Junctions on the outer surface were 
cooled by radiating into space. The design 
power of the SNAP-lOA was one-half of a kilo- 
watt and it operated successfiilly for 43 days 
in orUt until a voltage r^pilator failure caused 
shutdown. 
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ALPHA PARTICLES BETA PARTICLES GAMMA RAYS 




Let us now consider the odd numbered SNAP 
systems: those power supplies, based on the 
phenomenon of radio-aotlvity. Most elements 
can exist for a time in unstablep radioactive 
forms called radioisotopes, A characteristic 
manifestation of the instability or deciy of 
radioisotopes is that the nuclei emit electrically 
charged alpha *and beta particles. The alpha 
particle is the same as the changed nucleus 
of the normal helium atom, a beta particle is 
identical to a negatively charged electron. As 
a consequence of this particle emlssibn« the 
original nucleus is converted into the nucleus 
of a different element. This dauj^ter nucleus 
may be stable or it, in turn, may be radioactive . 
and undergo further radioactive decays. Many 
radioactive changes are accompahiedlqr emission 
of gamma rays, which are electromagnetic radi- 
ations of very hig^ energy. Like X-rays which 
they resemble, gamma rays can penetrate qqpre- 
ciable thicknesses of matter. 

Alpha and beta particles are absorbed quite 
readi^ in solid material. When such absorption 
takes place, a considerable amount of the klnetio 



energy carried the parjticles is converted 
into heat. The kinetic energy of the deoBy par- 
ticles arises from the parent radioactive nucleus 
and is a form of nuclear energy resulting from 
conversion of mass to energy. Radioactive mate- 
rials, which emit large numbers of alpha and 
beta particles of hig^ energy, are a source of 
heat. This heat can, in principle, be changed 
into electrical energy hy any of .the conversion 
methods already described; turbogenerator, 
thermoelectric, and thermionic, u 

The rate of the radioactive decay process, 
or the rate of emission of radiations, is usiially 
e3q)ressed in terms of the half-life of theUin- 
dividual radioisotopes. Half-life may be defined 
as the time required for the radioactivityqoC a 
given quantity of a particular radlolsotqB to 
decay to half of its original value. Each radio- 
active element has its own half-life that is 
independent of its physical state or the amount 
of material present. Half-lives of various radio- 
isotopes range from a very small fraction of a 
second to many billions of years. 
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The iUuBtraUon shows some of the radioactive 
elements which are currently in use or under 
consideration for use in the future. Some of 
the aspects of these radioisotopes which must 
be considered for optimum selection are their 
production costs, availability, type of particle 
emission (alpha or beta particles, gamma rajrs. 
X-rays), and the effect of the emission on pay- 
load components (semiconductors, man, eto«)« 



The proof of the practicality of the radio- 
isotope power generation concept was provided 
by laboratory tests of SNAP-*3 in January, 1959. 
The radioactive material used was polonium-210, 
and electricity was generated by thermoelectric 
conversion. The SNAP-3 generator was not bi- 
tended for actual flight and the first application 
of nuclear energy in space was demonstrated with 
a similar device using plutonium-238* It was 
iised as a secondary electrical power source for 
the Instruments carried on TRANSIT-4A launched 
on June 29, 1961« A similar generator was used 
on the TRANSIT-4B Satellite in November, I96I. 
A larger generator, designated the SNAP-9A, 
was placed on two later Transit satellites* SNAP- 
11, a thermoelectric system with Curium-242 
as the heat source, had been proposed for sup- 
plementing the solar oells for later Surveyor 
vehicles for soft iiwrfingpi of instruments on the 
Moon. The SNAP-11 projec' iSbeenterminated, 
however, because of redirection of power sources 
for the Surveyor program* 



The penetrating oharaoteristics of the radiation 
govern the type, or amount of shielding neces- 
sary* These shielding requirements can greatly 
affect overall system weight. 

One of the first attempts at using radioactive 
materials as a heat source was SNAP-IA. It 
was planned to vi^rize mercury to drive a 
, turbogenerator* . Design difficulties were en- 
countered and this project was discontinued. 
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SNAP-19 units use Plutonlum-238 with a 
unit design life of three years* SNAP-19 
generators will siqiply atxmt 50 Watts of elec- 
trical power to augment the large solar panels 
of NIMBUS-B, which provide 200 Watts« 

The only power supply currently planned 
for use Xxs NASA in the Apollo Lunar Surface 



Experiment Package (ALSEP) will be a SNAP- 
27 unit* It will use Plutonium-238 with a func- 
tional <*Moon'' life-time of one year after the 
astronauts return to Earth* The generator is 
designed so that the radioactive fuel capsule 
can be inserted after arrival on the 
Moon* 
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SOLAR 

Another heat source somewhat removed from 
the space vehicle is solar energy* One means 
for converting heat from the Sun into electrical 
power under study is the Sunflower System* It 
would use a parabolic mirror, about 1000 square 
feet in area» of hi^dy polished aluminum skin 
bonded to a honeycomb plastic material* The 
solar energy collected at the focus of the mirror 
would be stored as heat in lithiiun hydride; partly 
as sensible heat by increasing the t^perature» 
and partly as latent heat of fissionT'A reserve 
siqn>ly of heat would thus be available for power 
when the spacecraft is in the Earth's shadow* 
Hie design power of the Sunflower System is 
3 kilowatts* 

Now» let's consider another means which 
converts solar energy to electrical power di- 
reotly» namely the familiar solar ceU* Solar 
cells use photovoltaic conversion to produce 
electrioity from rays of sunli^t* They can be 
oonneotad in large numbers to form a solar 
array* The main advantage of solar cells lies 
in the fact that they do not have to carry a fuel 




supply since the energy is provided Jag the Sun* 
This iBulvantage is partially offset the large 
niunber of cc^ required to produce an appre«- 
oiable amount of . power* The quantity of elec- 
tricity generated is proportional to the exposed 
area perpendicular to the Sun* 
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In some satellites, sud^ as Eavlyblsdiibe solar 
cells are located essentially over thb. whole out- 
side surface of the.spaoeoraft. Ip others, suoh 
as Mariner and Ifimbus,. im array of scflar cells 
is laid out on panels. Becfuise of their large 
area* these panels are initially folded \xp for 
launching and extended when the ve|iiole is in 
space. 

At the distance of the Eiarth's orbit about the 
Sun, the solar power available is about 130 watts 
per square foot of surface perpendicular to the 
Sun's rays. In solar cells of present design, 
clblg about 10 per cent of this energy is con- 
"i^ned into electricity. 

Another weakness of the solar cell has been 
I loss in effectiveness from the action of 
rious particle or electromagnetic radiations 
oe« These include natural radiations as 
radiations produced by man-made nuclear 
Bions at hig^ altitudes. Research is con- 
to develop solar cells with greater re- 
to temperature extremes and particle 




.ons» 



BATTERIES 



For present satellites which pass into the 
Earth's shadow at regular intervals the solar 
cell units are usually stq^lementedwithchemical 
storage batteries. The batteries are charged 



when the satellite is in sunlight so (that power 
will be available during the dark penods. Stor- 
age batteries are also included in the electrical 
supply system for missions into space even 
where sunlight is continuous. These batteries 
provide for the Increased power demands by 
special instruments activated when the space 
probe approaches its destination. Except for 
the internal power required during the launch 
phase and for the preliminary orientation of 
S(Aar cell arrays* chemical batteries do not 
supply energy durit^; long space flights. 

Before satisfactory solar cell arri^ were 
developed, several of the earlier e^qperimental 
satellites used prlmary^cell batteries as the 
principle source of electrical power. Manned 
spacecraft have also used batteries of this type. 
The energy is derived from chemical reactions 
of materials in the battery electrodes, and in the 
electrolyte solution. Primary cells (consisting 
of zinc and silver-oxide electrodes immersed in 
a potassium hydroxide electrolyte) were used to 
supply power for operating instruments and radios 
in the Mercury project. Such batteries are limi- 
ted essentially the quantity of active chemical 
materials they contain. The Mercury spacecraft 
were not in orUt for very long, so non- 
rechargeable primary batteries were adequate. 
For longer duration flights a new and different 
power siqqply appears necessary. 
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FUEL CELLS 

When a siqnply <^ eleotrioity Is required for 
days or weeks, Oere Is a definite weight advan- 
tage in using ohemical fuel cells. Fuel cells 
were used in Gemini and will be used in Apollo. 
The energy is supplied by fhe ohemical reaction 
between gaseous l^drogen and os^gen. The fuel 
cell for the later Gemini spacecraft was made 
of two woven metal wire soreenSi acting as elec- 
trodes, separated ' a solid resin, oation- 
exohange membrane that served as the electro- 
lyte. Hydrogen gas is stqyplied to the anode and 
oxygen gas to the cathode. Reactions occur lead- 
ing to the transfer of protons (cations) fhrou^tfae 
electrolyte from the anode to the dathode. As 
a result, an electromotive force of nt one 
volt per cell is produced. A stack o& about 30 
of these ceUs in series can cause an electric 
current of ^ipreciaUe strength to flow through 
an external circuit. As an added benefit, the 
water formed in the ohemical reaction is 
potable. 



SUMMARY 

It should be apparent to the reader that there 
are numerous methods of supplying power for 
a spacecraft. The governing factor has been, 
aiul still is, the optimization of the weight of the 
power unit required. The req)^rement for power 
over longer periods of time will most likely be 
met with nuclear reactor systems. Solar iv^lls 
have good lifetimes, but they are limited In total 
power output. Fuel cells can produce consider- 
able amounts of power, but they must cariy their 
own fuel supply into space. Storage batteries 
undergo failures that are familiar problems to 
most automobile drivers. The environment <rf 
space onfy serves to compound these problem 
areas. 

Today, the power siqyply is occupying aposi- 
tion of importance as a limiting factor In our 
conquest of space. The develq;mient of hi|^ 
cq;>aoity, low wei^t power st^plies is an active 
frontier for the engineer-scientists of today's 
space age. 
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COMMUNICATIONS, TRACKING, 
AND GUIDANCE 

General 

Communioattons and other auxiliary systems 
which depend directly on communication tor their 
implementation play vital roles in space ex- 
ploration. Accurate tracking of a space probe 
vehicle is required for assessment of guidance 
accuracy, measurement of trajectory perturba- 
tions, and for assurance that the probe reaches 
its assigned objective. Most types ot guidance 
and contrcA systems depend on radio c<»nmuni- 



Communications 



i*Fhe major difference between terrestrial 
raitto communication techniques and those nec- 
esdiry for space vehicles is the Increased range 
(thd^fmean distance to the Moon is 238,000 miles, 
about 1000 times the maximum line-of-sis^ 
ooBobiunioation range on Earth's surface). Com- 
municationB with planets in the solar system 
will involve greater ranges hy a factor of 200 
to lOfOOO times the Earth-Moon distance. Radio 
communication to the vicinity of the Moon is 
definitely practicable now, and ^tensions of the 
art have made possible communication to space 
vehicles enroute to tte near planets. 



cations for their implementation, although optical 
systems are of importance. With the possible 
exception of recoverable vehicles, aspaoe probe's 
most important function is the measurement and 
return of scientific data. Each vehicle may carry 
instrumentation for tbe measurement sev- 
eral quantities. Many of these measurements 
will be of slowly varying quantities that may be 
telemetered on a ocmttnuous basis, or may be 
ciampled and transmEEed on an intermittent basis 
(along with data from other instrumentation) on 
a single narrow band channel. Communications 
systems are essential to successful space flights 
now and in the future. 
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Radio Range Factors 



The maximuin attainable range of a communi- 
cation system is dependent on several factors. 
At the transmitter, range is a direct function of 
the square roots of the power and of the antenna 
gain (ability) to concentrate energy in a parti- 
cular direction). At the receiver, range is a 
direct function of the wavelength as well as the 
square root of the antenna gain. It is also an 
inverse function of the square, roots of the tem- 
perature, the bandwidth, and the receiver noise 
figure. Ultimate range is limited by external 
noise sources, both man-made and natural. Let 
us discuss these parameters affecting radio 
range in more detail. 

The power of Earth-baaed transmitters is 
limited only by the state of the art and by 
economics. Earth-baaed transnoitter power out- 
puts which can average thousands of kilowatts 
and peak at tens of megawatts are in operation. 



The gain of an antenna is primarily a fimction 
of its size. At Earth-based transmitter or re- 
ceiver stations, very large antennas (high gains) 
are practical, limited principally economic 
factors. Other limiting factors may be the me- 
chanical accuracy to which large area structures 
can be pointed, the practical tracking or slewing 
rates, and the knowledge of the location of the 
space vehicle with respect to the Earth-based 
station. On space vehicles practical antenna 
sizes and gains are severely limited weight 
considerations and the mechanical problems 
of unfolding the structure from its launch con- 
figuration to its operating configuration. Another 
factor which will limit a vehicle's achievable 
antenna gain is the accuracy to which it will be 
practical to stabilize the antenna in space. Since 
a stable antenna can function with a narrower 
beam of energy and hence higher gain, a satellite 
designer must decide on what attitude stabiliza- 
tion he will use before choosing an antenna or 
power siQiply. 
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Spin Stabilization, where the satellite spins 
abQut one ot its axes to prevent tumbling, iqppears 
one of the more frequent choices for communica- 
tions satellite design. Control of the spin-axis 
direction, maintained perpendicular to the orbit 
plane, can be done with a Jet pulsed prei^isely 
in synchronism with the spin* This technique 
has been used with many successful communica- 
tion satellites (Syncom, Early Bird, and the 
Intelsat II series). Overall temperature contaol 
is much less a problem with spin stabilization 
because the solar effects are averaged over 
spiiming surfaobs. 

Gravity-Gradient Stabilization (GGS) uses the 
variation in gravitational attraction with dis- 
tance to align a body with its <<long-axis" (or 
axis of minimum moment of inertia) pointing 
toward the Earth as will be discussed thoroughly 
in Cluq[>ter Fourteen. Because of technical con- 
siderations (inconsistency of the Earth's magnetic 
field, for example) the altitude region around 
6,000 nautical miles appears suitable for GGS. 
However, the GGS technique, is tmder investiga- 
tion for synchronous altitude (22,300 miles) by 




both the Departto^nt of Defense Gravity E^^eri- 
ment (DODGE) itiid NASA's Applications Tech- 
nology Satellites. 




The choices of wavelength for a space com- 
mimlcatlon link ar^limited to the range of wave- 
lengths which will pass through the Earth's 
atmospheric shell with negligiUe abeorpticm or 
retraction. Wavelengths shorter than about three 
centimeters would suffer iqn[>reoiable absorption 
by atmospheric gases and moisture. Wavelengths 
longer than about three meters will be refracted 

an amount which will depend on the angle of 



incidence and on the degree of ionization &nd 
thickness of Earth^s ionospheric li^rs. Radio 
propagation conditions in space itself are other- 
wise ideal, due to the absence of absorption and 
refraction phenomena v^ch make long distance 
communication around Earth so difficult. 

The bandwidth of a communicatiQns channel 
must be compatible with the information rate 
which is to be transmitted. Since range is an 
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inverse function of the square root of bandwidth, 
it is clear that bandwidths must be reduced by 
all practical means, such as coding of data 
to eliminate' redundancy, or storage and 
readout over an extended time. Narrow-banding 
receiver techniques are a valuable means for 
increasing receiver ranges, provided totalsystem 
bandwidths are limited to a few kilocyoles. 
External noise sources include man-made 
interference, which can be controlled within 
accoptaUe levels^ careful choice of receiver 
site and by filtering and shielding. Natural radio 



noise sources are the Sun, galactic sources, and 
extra-*galactic sources, Tto Sun is normally a 
very low-level noise sourdd for an ononldireotional 
receiving antenna and will be a still lower*level 
source for a directional antenna provided the 
main beam or a major side lobe is not directed 
toward it. During periods of intense 8un«spot 
activity noise bursts commonly cause peak radio 
noise of 100 to 1000 times the normal leveU In 
general, galactic andextra-galacticnAiee sources 
are below the levels that will interfere with space 
oonununioation in the present state at the art. 




Tracking 

Angular tracking of space vehicles can be 
accomplished by reception of stable telemetering 
signals on four fixed antennas located at known 
separations on two base lines meeting at right 
angles. The angle of arrival of the signal is 
a ftmotion of the phase differences of the four 
signals. This tracking principle has been used 
in satellite tracking systems and in certain mis- 
sile tracking systems and is ciqpable of angular 
accuracies of 1 milliradian (0,0S7 degrees) or 
better. The angular data from such a radio- 
interferometer tracking system will be subject 
to corrections for refractions suffered by the 
signal in passing tfaroi;^^ the Earth's ionosiAerio 
layers. These corrections can beestimatedfrom 
meteorological and angle-of-arrival data, 

A radar-transponder system which provides 
both angle and rttbge data (similar to those de- 
veloped for certain missile guidance systems) is 
used in some space vehicle tracking. This type 
of tracking system gives angular accuracies at 



least equal to those of a radio-interferometer 
system. This system iiS- also subject to correc- 
tions for ionospheric redactions. 

At interplanetary ranges, a radio-optical 
tracking system using vehicle-determined data 
may be preferred. The space vehicte would 
carry optical trackers viliioh would determine 
the angular position of the vehicle with respect 
to three celestial bodies of known orbits. Space 
position would be computed by vehiole-bome 
equipment and transmitted to ground receivers, 
or raw angular data would be transmitted to 
Earth-based computers, A radio-optical track- 
ing system would not be subject to ionospheric 
refraction errors, and positional accuracy would 
not be a function of the Earth-to-vehiole range. 

Optical tracking from Earth-based observa- 
tories is possible with the aid of vehiole-bome 
inflatable balloons, flash powder bombs or visible 
chemicals, Althoi^^ special sij^ting yields very 
accurate tracking results, its success is depend- 
ent on the existtng contrast and visibility con- 
ditions. 
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Quidanoe and Control 

For the mere peaoeUine es^loration of oir- 
oomterrestrial space, ground tracking of the 
inridcde abonld lie anfllclentt and preoiae guidance 
on any particular trajectory is not a critical 
neoeeeity. However, Oe performance of anv 
aitronantical miseion to a lunar or planetaxv 
daellnation is a tricky U^i^'Speed intercciitio 
proUem, The goidaace reqpirmients are severe 
and depend a great deal on ttie metliod of pro- 
poleion, notably wheQier it la entirely Impulsive, 
followed by a long moontroOed onastlng phase, 
or vilieQier means are provided for midooorse 
and/br terminal corre ct ion ty short vector Iwrsts 
of hl^t*acceleraticnt or long periods of low^ 
acceieratton and deceleration* 

^ case of Ae trajectory vrtddi is essen* 
t laHy ham stlOt the Initial guidance is at critical 
importance* The dfcotoe of flie impulsive 



parture velocity then largely determines not only 
the travel time, but also the <<aiming'' accuraqy 
requirements. In general, if the departure 
velocity is barely sufficient to reach the orUt of 
the target bocty, the magnitude of the velocity 
has to be held to extreme accuracy, because 
even errors of the order of one in 10,000 would 
cause a large over or undershoot* On the other 
hand. If the trip is made at a slif^itly faster 
velocity, Qie velocity tolerance can be relajoed* 
The angidsr aiming tolerance, however, tt^itens 
up aa tbB velocity is increased* For lunar 
missions fUs prdblem has been treated in con- 
siderable detail* Available radar methods in 
coQjunoliaa witti advanced autopilots appear quite 
adei|ttate for lunar Intercept missions* 

Kavipritton between Eartt and Moon has been 
sucoSiroi^^ damonsirated by Hanger, Surveyor, 
and Lunar OrUtera* Eartth*hased tracking of a 
cooperative transponder aboard ttie spacecraft 
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provided information on which the midcour|j9 
corrections were based. The Apollo navigation 
system was initially designed to be ind^)endent 
<rf this type of ground tracking, aithrwigh the con- 
cept is swinging now to the use of on-board 
navigation as baok-nqp with primary navigation 
information coming from Earth's deep-space 
network. Between here and the Moon, then, let's 
set the navigation problem aside, as primarily 
a problem in ground-based tracking. 

Interplanetary Travel 



InterpJanetary travel will differ from lunar 
flights in ttiat the vehicle may be considered to 
escape from the influence of the Earth; unlike 
the fli^ to the Moon, ytibere gravitational at- 
traotlOQ of the Earth and Moon must be con- 
sidered fot the entire flight. 

For analysis, let's break the interplanetary 
fUffiA into a number of segments. The first 
of (hese, the boost idiase, or powered fUg^t, deals 
wifli the orbit iKAiile it Is close to the Earfli and 
energy is behig sppHBd to achieve the correct 
velocity. This phase ends at injecticm into the 
free-fli^t trajectory as was discussed in detail 
under Astrodlynamios. 

The second phase deals with the trajectory 
while it is still coasting but still under the in- 
fluence of the Earth's gravitational field. 

The third portion represents the greater part 
of the entire flight - the time during which the 
spacecraft Is sul^ect oidy to tbe influence of the 
Sun's gravitational pull. 

As we near Oe target planet, we enter still 
another phase, in which we must consider the 
gravitational efEeot of ttie destination planet. 
And, finaUy, we deal with the very last tow 
minutes of fli^ while the spacecraft is in the 
planet's atmosphere. 

EB/Ok portion of the trajectory has its own 
spedfic navigation protdams. The first, or^ 
boost Phase must be controlled by some form of 
co mma nd guidance, due to the critical «ming 
factors involved, and the vibration and g-forces 
Imposed on the astronauts* This control has 



been demonstrated many times by successful 
space fligjits. The final atmospberic entry phase 
is subject of the next chapterc 

Let's confine our. present description to the 
long span of midoonriBft fHp^ht, The booster must 
give a veloolQr at the end dTpowered fU^t which 
is somewhat greater than esci^ velocity. In 
fact, to perform any useful transfer we must 
attain a velocity at burnout about 8,000 teet per 
second greater than e8cq;ie velocity. Such an 
increment can carry us toward the orbits of 
either of the planets nearest to us, Venus, or 
Mars. Travel to planets other than these would 
require a greater velocity increment. 

Interplanetary space navigation depends on 
celestial mechanics and the theory of orbits 
in a gravitational field because the greatest 
part of the w6rk in transporting the spacecraft 
is done by the action of gravity forces rather 
than by spacecraft propulsion. In essence, 
interplanetary travel is aooonqilished by be- 
coming an artificial satellite of the Sun. This 
is far different from driving a car or flying an 
airplane, for once we have started on a par- 
ticular path we cannot aUer that path very 
much. 

Since there are infinite possibilities for the 
choice of a path from <<here" to <<there" in 
space, and since <*there" is moving with respect 
to <«bere", it stands to reason that one of the 
possible paths will require less prqpulslve 
energy than the others. Choosing launch dates 
for which the interplanetary trip Is most favor- 
able reduces this energy requirement even fi<r- 
ther. We call this optimum path a mtnim^m^ 
enermr trajectory . We vidll want to stay fairly 
near this path in' order to carry maximum pay- 
load. Should we be willing to sacrifice payload 
for a faster trip by ohoosfng a hi^r energy 
trajectory, we encounter a more dlfCioult entry 
into the atmosphere of the target planet due 
to the hig^r velocity at arrival. 

These are the factors, then vrtiioh force us 
to wait out the 684 days between favorable laundi 
times for a trip to Venus, and 780 days between 
sending fli^ to Mars. We do it to remain 
near the minimum energy path. 
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Navigation Equipment 



With the path of our travel defined before 
leaving the Earth« the next ooncem we have is 
the ohoioe between a self-oontained nav^ation 
system for the spaoeoraft, or a dependence on 
Earth-based tracking such as that used in the 
Ranger and Mariner missions. 

Our definition of a self-contained system 
would include inertial components en^loying 
gyroscopes and aocelerometers, and also equip- 
ment for optical tracking of the stars andplanets. 
Doppler radar would also be included. 

Making the spacecraft VbB point of origin for 
our navigational measurements simplifies the 
methods and computations necessary tofixspaoe- 
oraft position. But at the same time, th6 c^ality 
of performance of on-board equipment is limited 
by the permissible sise and wei^it. Weig^ 
one against the other, the comparison appears to 
favor the use of on-board equipment when the 
spacecraft is at great distances from the Earttu 
In the final phases of a fllg^ to Venus, when the 
spacecraft is a miUioa miles ftom XbB desti- 
nation planet* it is more flian a hundred millidi 
miles from flie Earttu We can live witti oon- 
sideraUy less precision in out on-board system 
than Iqr depending tqpon far off observers on 
Earttu 

The on-board navigitioii equipmant must be 
ovsble of ^ving five basic meas u reme n ts! 
celestial an^es, celestial dlstaaoes» vehioular 
velootty, veUoulsr sooeleratton, and time. 

For measuring asglest sattsfootoryeqp^^ment 
is already available. Flaiiet tracking telesodpes 
exist witti ioouraqy 0t one second of arc (At 
60 milllor. miles, one seoood df aro vmild give 
a oross-seottooal uncertainty of 380 miles). 



Celestial distances to the nearer bodies oan 
be obtained directly from stadimetrlo equipment, 
radar, or from comparing the known distance 
between two bodies with the qiparent distance 
between them. 

Velocity can be determined within 1% by sev^ 
eral means, suoh as plotting several successive 
radar fixes as a fimction of time, from a direct 
readout of the Doppler radar, or from the in- 
tegrated output of the acoelerometers. Cur- 
rentty available acoelerometers are adequate 
for measuring accelerations imposed on aspaoe- 
craft. For all but ttie most simplified systems, 
these are mounted on a gimballed, inertial 
platform. 

Finalty, time oan be measured to one part 
in l(f by conventional chronometers, but these 
are too delicate for our long dur ation space 
fli^it. Clocks based \xgasi atomic vibrations are 
well along in development, with accuracies of 
one part in lOP , but so far these are too buUgr* 
The best co mpr omise ri^ now appears to be the 
quarts crystal clock, giving time measurements 
accurate to one part in l(f • 

Having made ttie necessary measurements, 
one mtust correlate ttie information into auseaUe 
form. This win recyiire a small but versatile 
computer to resolve ttie inputs, to provide de- 
viations from the notadnal trajectory, predict 
position and velocity^ atid to calculate reqcdred 
velocity vector cdiangas. In addition, the com- 
puter must determine spacecraft attitude and 
provide attttnde control signals daring ttuustlng 
periods. It mnst sipial the existence of abort 
concStions, and must provide information oo a 
cchtftming basiii to a ooaamand display system. 
Hcw larga a cdii ipuler is neoessary? The com- 
puters for Qetiilnl and Apollo occupy a space of 
about one cublo feet. 
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Navlgati(m Methods 

Consider now (he geometry of a fix in space. 
The first step is to measure the angle between 
our line-Qf-8i{^t to a star and to anear body, the 
Sun* This measurement places out spacecraft on 
the surface of an imaginary cone if^iose npex is 
the Sun. The axis of the ccae has fbe direction 
of the llne-*of-*si{^t to the star. The star is so 
far awi^ that its direction of itsincomingparallel 
light is independent of the point of observation. 

Now we repeat the process, using a second 
star and the same near body. A second cone of 
position results, having a different axis and 
Bpex angle. The two cones intersect in two 
straig^ lines, one of ^oh is the line of position 
of the spacecraft. A third star measurement 
made witb respect to the same near bod^ would 
distinguish between the two lines of position 
alread^ determined, but would otherwise provide 
no new Information. (Generally, the two lines 
of position are so widely separated that an 
proximafte knowledge of the spacecraft position 
resolves the ambiguity). 

There are several ways one can determine 
the actual poeiticm of the spacecraft along the 
line of position using a near body in addition to 
the Sun: (1) measure the apparent diameter of 
a nearby planet, or (2) measure Vbs$ angle be« 
tween si^ lines to two near bodies, or (3) com* 



pare the apparent distance between them to the 
actual distance. Most of these techniques require 
computers and complex electronic devices. As 
discussed in the Navy>s Space Navigation Hand- 
ilSSSh NAVPERS No. 92900, navi^raon lor cis- 
lunar space is based upon a simple method which 
would be independent of Earth Tracldng support. 
Using this concept during return to Earth, an 
astronaut, out in space and looking down at the 
Earth, is looking down his local vertical. If a 
star happens to be conveniently located in front 
on the other end of this vertical line, he can, 
reference to a set of tables, determine the posi- 
tion of the line in space. Then, by using stadi- 
metric techniques (similar to shipboard station- 
keeping methods where one compares apparent 
to real) he can measure the apparent diameter 
of the Earth's disc, and from this measurement 
determine range. This diameter is an easily 
measured quantity: at a range of 25,000 miles 
out the Earth's disc subtends an ang^ of 15 
degrees. Of course, there won't always be a star 
ccmveniently located on the local vertical, but 
to answer this problem the same tedmiques 
could be used to establish the line of position 
from observaticms of known stars behind the 
Earth* out to a semi-diameter away from the 
edge of the Earth's disc. He can thus prepare 
for tbe most critical phase of any space Journey: 
the final landing on terra finna vrtiich we wUl 
discuss in the next chi^r. 
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ATMOSPHERIC ENTRY 



GENERAL 



' Althou^ launches into space are almost rou- 
tine^ today» tbe ohaUenge of returning men or 
pi^ioads safely to Earth will always exist. As 
the speeds of returning spacecraft inorease» 
the problems will become still more critioal. 
Let us examine this crucial period in spaoe- 
flifl^t between entering the air ocean and touch- 
down. First, we will discuss the factors that 
determine a safe landing. After discussing thesci 
we will review the development of vehicles that 
make controlled descents* and then briefly dis- 
cuss spacecraft of the fubue. 

The sensible atmosphere of the Earth which 
will generate, friotional heat extends outward to 
about 100 miles. In returning from 8pace» a 
spacecraft encounters this atmoqAere and must 
face two Extremely critioal conditions; decelera- 



tion and heat caused by frictton. As a vehicle 
slows during descent, it reduces its kinetic and 
potential energy by transferring energy to heat 
the surrounding air, but some of this heat is 
transferred back to the vehicle's 8uri:ace. For 
example, at 17,500 miles per hour, the kinetic 
energy of a moving body is equivalent to about 
13,500 BTU of heat for every pound of the ve- 
hicle's weight. Converting this kinetic energy 
to heat vpoa reentry provides more than enoug^i 
heat to vBpoTlxe everything in the craft! Our 
primary concern, however, is only that fraction 
of heat generated that is absorbed by the vehicle. 

The amount of energy absorbed is deter- 
mined by the vehicle's slu^e, velocity, altitude, 
and esvosure time; but more fundamentally by 
tbB mebhanisms of heat transfer between the 
hot atnu)q;terio gases and ttie materials of the 
vddcle's surftoe. 
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DECELERATION AND HEATINO 

Aerodynamic profiles (fhe shape of the space* 
craft) principal^ determine fhe deceleration of 
a returning vehicle. Blunt configurations, such 
as our manned Mercury ana Gemini space OBp^ 
suleSt have certain advantages during atmos- 
pheric entry. Any blunt ol^ect traveling at hl^ 
speed is preceded by a strong shook wave that 
extends a considerable distance around and ahead 
of the object in the surrounding gases. This 
shock wave diverts heat away from the bo4y 
because the colliding gas molecules are pushed 
away from the vehicle's surface. The stronger 
ttie shock wave* tiie larger the fraction of the 
total heat load that is transferred to the suir- 
rounding atmosphere and the smaller the amount 
of frictlonal heat absorbed by the vehicle. In 
the case of the Merpury oBprnOe^ about 99 per- 
cent of fhe heat energy was diverted by shook 
wave action. The heat that does reach the ve- 
hicle is transferred from the shook wave mainly 
be radiation. Because of its resistance 
(8hqpe)» a bhmt object will decelerate more 
rapidly after entering the atmosphere than a 
slender coi^guration so a shallow entry angje 
must be chosen to cCEseffheliasardousg-stresses 
and exoessive heattaig oansed by entering the 
denser air too ra^dily. Henoe a bbmt hodf moat 




be programmed to enter at a gentle angle (about 
2 degraes) to ej^erlenoe lesser deceleration 
forces (usually less 0ian six g*e). The price 
paid for this maneuver Is eiqiosare to heating 
for a longer period which increases flie total 
heat load. 



Slender oopflgpratiops, on ttie ottmhandtteDd 
to be less efleotod by •nrnbl^* radiaUcn from tte 
shock vram because of 0»ir smaller frontalstsff- 
nattcn area and flie U^ier sweep of ttis bow lAoc* 
wave« A balUMIo mlssUet for examptot can de- 
celerate at about 65 g»s without enessive beat 
damage as it penetrates Qie atmoqime at ani^ 
near twenty deg^rees from fl» horiSQiital. TWs 
deceleration is eiiEdvalent to staiidng a oar goiqg 
60 mUes per hoar bkObif ^^t^^dw^tMl Ns*- 
uraUy. manned spaoeoraft ca nnot tustaj n^tfwwi 
bi|^ g strsiies even if O^y nmit go to gf eater 
efforts to ^Bssl^ele tte inoreased heat loadr oooa' 
siooed 1^ '•gMOe'* desceals. 




COOUNO TSCSMIQtlBS 

Now ttat ne'ffe Q^eottlsd flie ealry pnMeUf 
let^s bdsfly enoitaa soobhi oC flis Bane w idrtty 
known dodim t&dMti^fUB Out cm be ettployed 

msBUDias n'luiiuiMft u&wbbb^ or soive me 



mat part oC flhe pntttattt* The most ooounon 
oooltta^g meChodto ai^a oottdofli^ftooy aSbtattoep traaf 
spiriBoiif tegiseerrtUsij radbtfoii^ sad poseiMs 

^^^^^^g^^^^^^^^^^p SM^s^v aawvav aa^^^^m wm vmfw ^^^p^fw mm^ 

Oe wttijAa lyr a ntHartal of hl|^ thsriiiiri ooft* 
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ductlvity and a large beat ciqpacity is called the 
conductive heat-sink method of cooling. Either 
a solid or liquid heat-sink miqr he used. In addi- 
tion to the high thermal conductivity and large 
heat ci^acityt it is desirable for a solid material 
to have a higb-melting temperature, hig^ re- 
flectivity, and a low surface tenqperature gradient 
(heat spreads eventy). Copper is a very good 
heatH»ink material because of its hi^ thermal 
conductivity* Altfaou^ very heavy, it was selected 
as surface material for the first ballistic mis- 
sile reentry vehicle, mainly because of its favor- 
able hlfffx thermal conductivity* In addition to 
its wei^t disadvantage, copper also has a com- 
paratively low melting point. However, if the 
time-rate of heating of the surface is sufficiently 
low, the hi|^ thermal conductivity of ccpper will 
allow the teat to be conducted away fast enou^ 
80 that tte conductor does not melt. 





Ablation means to carry away; In our case, 
to carry awqr teat. Ablative material wears 
away as a result of friction of air moving past 
it at Ui^ speeds. Tte material first fomrn a 
foam« chars, and Oien vqxnises as it flakes 
off. Tte process of ablation diss^Mdes a good 
deal of teat in vaporising, and fitrfter teat pro- 
tection is provided because tte vaporised mate- 
rial tends to Mock tte conductive flow of teat 
from fte shook ligrer into tte vehicle. Materials 
such as pyrolytic grqphits, avocrfte, and idienolic 
realn are currently used as ablatives on missiles 



Tte use of a Uuntmoeed reentry v«hiele 
wifii m ablative heat shield is currently ite 
most popular entry cooling meffaod. AlflMX^ 
it Is ae Ug^itest aadperteps«»8tiq;ilestsobi- 
tlon of OS reentry problem* it is less Oianapti* 
mum, i^spwially tar manned veUcles. TUs 
psrfioiilgr approaoii lias several uidBSlra^ 
tares: pragrimmed deceleration stresses tbm 
Bmfis of iRonan toleranoe, and tte reqpiremeBt 
of a fny flat eirtry psaintoteatiiMivtere Isttdto 
to a ilMbia W io ertalnty in te poiat of InpHt, 
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Transpiration cooling consists of a system, 
similar to action of the human skin, through 
which a fluid flows through pore-like holes In 
the vehicle's surface. As the fluid passes through 
the pores. It cools the vehicle tqr contact. Fur- 
thermore, the fluid flowing over the surface 
forms an Insulating Iqrer between the vehicle 
and the hot air. There are two major problems 
associated with this principle: the fine pores 
must be kept from plugging to assure proper 
flow, and the rate of coolant flow must match 
the rate at wfalcdi heat Is generated near the 
surface. Any plugging or mismatch will cause 
a hot spot to occur that miqr melt the skin of 
the vehicle. Research is continuing to stilve 
these problems. 



In regmerative pooling , a flnid is oixoiaaled 
tfaroo^mbes benesm the surftese to be cooled 
and is tten passed fliroa^ a heat exbhanger 
to dtoslpate heat.. This is similar to the cool- 
ing system of a home refrigerator. Uqoidmetals 
as well as other refrigerants can serve as tbe 
coolant. 

^Bl^flf^* ^ co<dlmt occurs to a certain degree 
wUh eacdi of the aforementtooed meOiods of 
thermal protection. Tfie tPKdmtqofl simply in- 
volves heat dtoslpation by a raOatlon shield to 
protect flie bod^ against ciioo sB lv e temperatures. 
The use of special materials asateat-abetebing, 
heafe-radlatiag shield ofEars certain advantuves. 
One is simpBolty. AnoQier is fliat Oie mpMoa 
ibteld its^ forms part of tte staraclttre of the 



vehicle and ttiereby provides a functional use 
besides cooling wittiout adding to the overall 
weight. Radiation is the primary method of 
cooling in space. It can also serve as a method 
of cooling douing atmospheric entry. 





ItANBUVEBS 

Heir flukt we ba«e brieflj mfHa nd tw o" 
4|naHilc prcfilss and protedtve oooHng systems* 
1st us eKamlne tte final ptnuie ol suw u ssfti l 
^paosonft reoovefy t tte lawHBg opsrattoiu 

The primaty i?etpdr eni e iit ror a msDned entry 
veBiois le «D provMS suiiKtiHut un or power lo 
maueufei' into a aeibte estty eorr lte lyon 
relutit to fiarlh* Hie tem ^^enlfy corridor^ 
feiifs to a rasgp pemiiseiMe ttrae iBniwn* 
Sioeti iBff/L psm iwswHWMw mat wiu p e rm it 
sate eaCry and laodtag of a vehtete. Theee con-* 
dHloes are deter mined by tte sise and gravl** 
ya nia^ett ^ 

i^. and the aefod^y^lawrtc dMraoteristtoe of tte 
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The performance of a re-entry vehicle de- 
pends on its <<L over the ratio of its Lift 
to its Drag. TJft is the force developed which 
is useful to maintain and control flig^it. Drag 
is the retarding force acting to oppose the fli^^t. 
The advantage tiiat an increased L/D ratio pro- 
vides is quite noticeable when we compare the 
present APOLLO foo^^rlnt (potential landing 
area) obtained wlfli a L/D ratio of 0.3 to that of 
a lifting vehicle wifli an L/D ratio of 2. When 
the APOLLO enters tte atmospheret it has lit^e 
option as to its landing site. On Uie otter hand 
a lifting spacecraft wifli L/b of 2 could select 
a landing site anywhere on one^^ttiird of ttie 
Eartti's surface. The vehicle would also have 
some maneuvering capability near a landing 
field. This capability to land on a comparatively 
small, preselected area would decrease the 
e^qpense of qmoe operations enormously fayelim- 
inating the current necessity for worldwide re- 
covery operations and deployment of thousands 
of men, ships, and aircraft. Project costs could 
be reduced substantially by re-uslng recovered 
space vehicles. 




Landing modes currently under stwty include 
tte use of Oie para^^wing, para-sail, rotor, pro- 
pulsive lift, and varialde geometry veMctes* 
All achieve lA> ratios greater than current 
space modules. The Increase In L/D ratio is 
usually dbtataiBd by the design slMpe of tte 
vddole. 

Slender, louMlrsg rtispes fliat result from 
aUewpts to Improve flie luw^speed diaraolei^* 
Istlos of Oe fo ■ entry veUoles (wtOout com* 
promising Oolr hypemnic characteristics) 
do have certain (Bsadvantagps. Tlie first is 
absorption fey Qe spaoeonft of a greater total 
heat load. S&ioe sllm^^^hsped v^hli^des pcodnoe 
wMk shook waves, fli^y Oomselvos must ttfse 
vp a larger part of flie test pvodnoed in deoeleift^ 
aHon. WA an LA> of 2.0 for emniae , a veM^ 

^^^^^^^^ ^^^^^^^^^^^ ^ ^^rtk ^ flC. MM^t^^^^^^^ ^^^^^^^^^ ^^^^^^A ^^^^^ ^1^^^^^^^^^ 

muse auomw xo vo xa tunso nore bbsk per piwm 
wOst^m a oacHR^^iooovi moossa bsoudd uSDai^v «s 

tte inoreased weli^ lAliA rsMBs partly fwwn 

ofateg^ttfaii 
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PROJECT STATUS 

One of fhe early lifting-vehicle programs 
of the Air Force was the Dyna-Soar Project 
begun in 1959* The name is short for <*cl^ainic 
soaring''. The vehicle was designed to glide 
at very Idg^ speeds in a near orbital path around 
the Earth in which the centrifugal effect would 
siqiport a major part of the glider's weight. 
Some lift would be necessary, however, and this 
added lift involves weiglht penalties to provide 
heat dissipatimi and fli^ control mechanisms. 
Technical problems, phis redirection of space 
efforts, caused cancellatioa of the program in 
1963. 



Project ASSET was anoBier earty Air Force 
Program, Its name is an acronym standing for 
* * Aerofoe rm o <^y a amlc/Aerotiiermoelastlc Sbuc- 
toral Systems £nviroomental lest", ASSET 
included six unmanned flig^ between 1963 and 
1965 to test stmctnral integrity of re-*entry 
bodies; one cf wlddi was retrieved from the 
Atlantic for fiirtiier sta^. 

In 1964 the. Department of Defense initiated 
an overall tedmologlcal program in re-entry 
tedmiqoes called project START vAAch stands 
for <^aceor|rft Technology and Advanced Re- 
entry Jest'V The START Prog ram included 



ASSET as its first lAiase and then two other 
programs:* phase two - PRIME (Precision 
Recovery Dichiding Maneuvering ]^try), and 
phase ttiree'* PILOTf (Piloted Low-^peed Test), 
The three PRIME vehicles (deisignated SV-SD) 
were lamiched on ATLAS SLV-3*s from Van- 
denberg Air Force Base into the Pacific Ocean 
landing near KWaJalein Atoll, The first flig^ 
occurred in December 1966, and the last in 
April 1967, The SV-6D trajectories ended at 
speeds of about Mach 2, wlien a baloon-paracbute 
(baUnte) and other paradfantes depli^red so a 
C*ldO oould conduct an. air-snatch recovery. 




106 



Chapter 9— ATMOSPHERIC ENTRY 



The PILOT Project (phase three part of 
START) received funding in 1966 and is now 
assigned to the Aeronautical Sjrstems Division 
of flie Air Force. PILOT will complete in- 
vestigation of the regime from altitudes of 
100»000 feet and Maoh 2 speeds down to landing. 
This test region was not covered Iqr PRIME. 
A single X-24A craft for PILOT will be delivered 
to Edwardff Air Force Base during the latter 
part of 1967. At Edwards, this X-24A was to 
Join two other NASA re-entry configurations, 
the M2-F2 and the HL-10. BoOi of these NASA 
spacecraft had been successftdty gjide^tested 
from 45,000 feet and, like the X-24A, were both 
designed to carry the XLR-11 (an 8,000-lb- 
thrust rocket for auxiliary control power). How- 



ever, the M2-F2 crashed during final Miproach 
on 10 May 1967. 

Internal sub-systems of the three unusual 
spacecraft are much alike; each is fitted with 
a T-39 aircraft nose landing gear, F-5 main 
gears, and modified X-24A ejection seats. The 
5,000-lb aluminum X-24A has two lower flaps 
on its boattail, and two upper fli^ urtiich, 
deflected symmetrically, provide roll control, 
^lit rudders on each of the outboard vertical 
fins provide yaw and directional control. In pro- 
file, the SV-5P has a cambered bottom surface 
and a unique, highly arched upper surface. It 
has a l^personic L/D of 1.4 and a subsonic L/D 
of 4.5. 




Bott ^ Ma-P2 and the HL-10 ccnflgiiratioDS have l^r control 
•oirthoM to flie X-a4A. The HL-10 andX-aiAwffl both be power-tested 
5 S?* ^*f** 2«tsltitttde8 of almost 85,000 feet during 1967. Testinff 
of these viddoleawinbeoondiicledat Edwards Air Force Base, Californiiu 



FUTURE 



While we have mwitjopedsomecCtteprdbiems 
and meOxxlB ct atmospheric entry» several qoes- 
tions stm remain. Tbeir ^eec^ eoiotionfliroi^ 
new designs and advanced oonoeple is a priomy 
field for speoe xeseardu liooh ej^erimeoMioa 



must be done if breakOirou^ are to be achieved. 
At fbe moment, specific studies are "lining 
fbe pOBBfUIlQr of moimtlng an X'-2iAoii a Titan 
bocNrter, tsing it as a tMt vddoleforan eaa«ward 
flight from Cape Ketmedy to Edwards Air Force 
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Base, and manned re-entry tests axe under con- 
sideration within the APOLLO i^Ucations 
Progrania 

Perhaps tbe next generation in hjfpersonio 
lifting vehicles will be a spacecraft launched 
from a re-usalde air»tareattitaig booster at Maoh 
16. Soggesticns have been made to Imxach the 
X-15 at sqpersonlo speeds from 0ie As 
a fiirOier step» flte X-15 (#2 model) has been 
modified with external tanks to enable it to reach 
speeds of Mach 8. An even bigger Btap will 



socm be taken toward advancing hyperscmlc 
tedbnolQgy using tbe new delta-wing X-15 
(#3 model). 

Al&ou^ all technological trade-ofto between 
power-controlled versus aerodtynamlo-controUed 
landings have not been fiiUy calculatedt it qKwars 
that the powered, lifting vehicle promises afuture 
spacecraft with broad capabUities - as a manned 
space vehicle for satellite Inspection and repair, 
for crew rescue operations, and perhaps evenfor 
a taxi service to the Moon and Mars. 



UO 



CHAPTER 10 

NAVAL SPACE FACILITIES 




The chaptBTS that follow will be devoted 
^l^arlly to qmoe andloattons that depict some 
of Oe Navy Intarests In apaoe. Without attempt- 
ing to delineate what appUoatioiia are unique 
to Naval operations and wfaicdi may he qiplioable 
to other servioes as well* we shall consider the 
aSplioattODS of Earth satellites in a miUtary 
environment unJer five fonotioDal areas: 

First* we have MBtg^^m^ jq space. 
The Navy was a pioneer in Ods area witti early 
snd o onthming vmtk in pr6bes» satellites, and 
other experiments socA as SOLRAD now being 
oonAicted in space. Chapter Twelve will cover 
fUa srea in detail. 

T/tB second functional nse of satellites is 

tiotts have been inqproved by operating antennas 
at mast heed heights, Oie SarOi satellite, oper- 
sting at hundreds or thousands of miles alti-» 



tude provides extended line«of*sig^t ranices 
thereby overcoming some present-day 
limitations. For example, an Earth satellite pro- 
vides the posaibllity for extended use of VHF 
or hi^r frequencies that are normal]^ limited 
to much shorter ranges. More details will be 
fiimished on this valuable application in Chmter 
Thirteen. 

A tiiird area is using a satellite as an 
observaUon platform. The advantages of plac- 
ing various sensors at extreme altitudes to 
observe tlie Earth is primarily that of the 
trem e ndous area coverage obtained by faat* 
moving satellites. Tbqr move at about five 
miles per second and wi0i average view angles 
sweep out thousands and thousands of square 
miles of surface each minute. In addition, the 
ability to view the total Earth as an entity, 
such as in the measurement of overall gravi- 
tational and electromagoetic fields, is of special 
significance. Chapter Fourteen discusses obser- 
vations from space. 

As our fourth area, an Earth satellite can 
serve as a unique refflorenoe point for geo- 
grqihic measuremmte. Such uses of satellites 
as a navigation reference, as an Intercontinental 
time r eferro ce, and as a tool for use in geodesy 
and mapping fit into tfate category. Chapter 
Fifteen describes Geodetic and Navigational sate- 
llite Systems. 

The fifth Amotion area, of potential oon- 
cem, is file area of spye defense . The national 
need for a device to inter ce pt , dbserve, and 
possibly neutralise anoOier faostite satellite is 
a major military concern. This would be par- 
ticularly true if unfriendly nations develop and 
employ satellite technology to hamper our nation- 
al objectives or interfere vrifii Naval opteations. 
Chapter Sixteen win explore some aspects of 
this military application of space. 
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ERIC 



After thorough oonsideratian of the teohnl- 
oal aspects of space, the economic impact of 
space programs, and current work underway 
by ottier agencies (Air Force, Army, NASA, 
eot.), ttie Navy's policy is to concentrate Its 
efforts on the practical exploitation of space 
technology for Naval purposes in each of the 
five functional areas Just described. 

The Navy's emphasis is placed todiqr on 
developing an understanding of space technolo- 
gy; devising simple, straightforward qipUcations 
tiiat wiU give immediate pay-ofEs, and placing 
these new tools in the hands of its well*qualified 
Naval personneU The Navy is maintaining a 
realistic costF^xmsdous approscltk to space sys- 
tems, stamUng alert and rea^y to augment or 
replace conventional systems whenever the 
dmnga will benefit tte Navy and ttie Nation. 

To carry Hds poU<qr into effect the Navy 
possesses a flexttde organisation for space cen- 
tered formost in ttie offices of the CSdef of 
Naval QperatiODS, Chief of Naval Material, and 
the various Slystenm Conunands. Of primary 



importance to-»Navy space programs is the 
project coordination furnished Iqr CNO (Qp* 
76), Air ^tems Command (AIK-S38), and the 
newly commissioned Navy Spnce Systems Ac- 
tivity at El Segundo, California, The creatton 
of the Navy ^ace Systems Activity (NSSA) in 
late 1966 is indicative of ttie Navy^sdMire 
to cooperate fully in the multiservice approach 
to space. NSSA is located with ttie SpBM and 
Missile l^ystems organisation (SAMSO) of ttie 
Air Force which is the primary agpnft for tte 
Air Force in space applicatiOQS. One of the 
missions given to NSSA is to be responsive 
tliroug^ ttie Naval Air Qystems Conunand to 
requirem^its <rf ott^r Naval activities who are 
responsible or participating in the dev elopm ent 
of systems whidi interact witti space systems. 
Since there are numerous soch Naval activities 
Interacting, NS^A represents a step forward in 
project coordinatico anmig Naval facilities in 
the S|)ace Age. Let us now oaeet some of fiioae 
participants that are dianging concepts Into 
hareware so that space systnos wHl benefit 
file Fleet todsy and bi the fMnre. 
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NAVAL SPACE FACILITIES 



Throughout the years the Navy has developed 
technical competence and practioal experience in 
the fields d meteorology, rocket propulsioni 
oosmology» human engineerings electronics, 
medicine, and a host of other areas which have 
contributed to our Nation*s aooomplishments in 
spade. Tlie Navy's participation in these and 
other scientific endeavors has grown in direct 
proportion with the Navy's development of labo- 
ratoiry facilities which are partially listed in 
Table I at the end of this Chiqpter. (Names 
of Navy oonamands in this chapter are in historical 
context recognizing that some have subse- 
quently undergone change;) 

Colleotlvely» these f aoilitieB and the similar 
laboratories of the other military serviods» 
together with the Nation's space industry and 
the National Aeronautics and Space Adminis- 
tration, constitute what might be call the Nation- 
al 3paoe Team. Leader of this National space 
effort is the National Aeronautios and Speuoe 
Administration (NASA). However, attention will 
now be directed to a more detailed dlsoussi<m 
of some ot the programs, efforts, and capa- 
bilities of a number of the Navy's space fa- 
cilities, for the purpose of showing typical 
involvements of Navy facilities in the national 
space program. ; 



Naval Observatory 
(Washington, D. C.) 

The mission of the Naval Observatory (NO) 
is to make observations of celestial bodies, 
to derive and publish such data as will afford 
means for safe navigation, and while pursuing 
this primary function, to contribute material 
to the general advancement of navigation and 
astronomy. Fulfillment of this basic mission 
includes observation of both natural and arti- 
ficial celestial bodies, derivation and publi- 
cation of accurate time signals, and the de- 
velopment of data neoessary for space navi- 
gation. 

The Naval Observatory, established in 1830, 
has a longer history of space studies than any 
other soientifio institution in the Navy. It is 
often considered to be our "National Observa- 
tory" and is the source of all standard time 
used in this country, as well as within the 
Department of Defense. The Naval Observatory 
is assigned responsibility as the Single Service 
Manager for establishing, coordinating andmain- 
taining accurate time and time intervals for the 
Department of Defense. 

The Naval Observatory is the source of 
special planetary and satellite ephemerides as 
well as other published astronomical data perti- 
nent to navigation like the Air and Nautical 
Almanacs. 
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Naval Research Laboratory 
(Washingtoiii D. C.) 

Under the direction of the Chief of Naval 
Researdii the xnission of the Naval Research 
Laboratory (NRL) is to conduct scientific re- 
search and development in the physical sciences 
directed toward new and improv^^d materials* 
equipmenti techniques, and systems for the Navy. 

In space related projects NRL personnel have 
conducted an \qqper-air research programi pio- 
neered and conducted e3q)eriments in Earth Sat^ 
ellite ProgramSi created the Navy l^ace Sur- 
veillance System for detecting non-radiating sat- 
ellitesi and worked in the field of radio astronomy. 
The scope of the NRL research program includes 
astronomy» astrc^lqrsicsi basic plqrsicSi optics» 
soimd and a number of other disciplines. NRL 
stands today as one of the foremost physical 
research laboratories in the world. NRL has 
been active in major space-age programs for 
over a decadei some of which are discussed 
in the following paragraphs. 





Satellite Research 

NRL scientists i^vmched the VANGUARD test 
vehicle and placed the VANGUARD Satellite 
into orbit on 17 March 1958. An estimate of its 
lifetime in orbit has been calculated to be 
approximately 2000 years. This satellite was 
used by NASA to calibrate the NASA tracking 
stations located around the globe. As a result 
of this and follow-on 8atellites» islands of the 
Pacific have been relocated and the shape and 
crust of the Earth found to be somewhat differ- 
ent than previously believed. 

Rocket Astronomy 

NRL pioneered the science of rocket astrono- 
myi which is the loading of astronautic instru- 
ments in a rocket for gathering and measuring 
near-space data. Two hif^i^ts in this science 
of rocket astronomy occurred v^n NRL took 
the first detailed spectrQgr4>hic photogriqph of 
the Sun in 1959| showing the Lyman Alpha 
emission line of hydrogeni and the first photo- 
graph of X-rays from tbie Sun in April 1960. 

Radio Astronomy 

The NRL Radio Astronomy Program concerns 
itself with radio frequency emissions from the 
Sun. plan6ts and the stars. NRL has discovered 



several new stars, and has determined a range 
of surface temperatures for Venus, Mars, and 
Jxqpiter. 

The Navy l^ace Surveillance Qystem (NAV- 
SPASUR) was developed the NRL to detect, 
track and'iiredict the orbits of all satellites 
passing over the United States. 
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In 1951, NRL investigated the potentialitiids 
of a radio oircuit via Moon reflection. In 1962, 
NRL sent messages 1^ way of the Moon to a 
moving sh^; in this case, the signal was trans- 
mitted from the 60-foot antenna located at Stump 
Neck, Maryland, and received the research 
ship U»S.S. OXFORD operating in the Atlantic. 



Naval Medical Research Institute 
(Betbesda, Md.) 

The Naval Medical Research Institute (NMRI) 
is another of the Navy field acUvities that is 
engaged in the overall space effort. With its 
highly specialized staff, ths Institute has ci^a- 
bilities in many scientific fields. 



NMRI is conducting programs relating to 
the physiological effects on man in botti normal 
and extreme environments. Considerate effort 
is directed towards human oalorimetry research 
and vibration-accelerations. In support of vi- 
bration research the Institute's research with 
a hic^-speed X-ray machine, capable at taking 
}xp to 400r&ames per second, has proven quite 
useful inutile analysis of human vibration, intact, 
and shook. These ei^eriments may determine 
how much vibration man can endure in space- 
craft during re-entry. 

Throu^ eiq^ierienoe with personnel in iso- 
lated locations such as POLARIS submarines, 
radar picdcet ships, and on Operation Deep Freeze, 
it has been determined that future operational 
systems may have strange psychological effects 
on crews and their ability to perform required 
tasks. It became clear that crew selection pro- 
cedures for ocean bottom e^qploration (perhaps 
analogous lengthy space travel) must be broadened 
to evaluate personnel in terms of the specific 
group with which they will serve. Thus, heavy 
psychiatric preconditioning will be given crew 




members who must perform effectively under 
^ndltions of prolonged pl^ioal and geographical 
isolation, and inenvironments severely restricted 
as to amount and variety of sensory stimulation. 
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As a result of tfaie potential proUemi a 
research effort termed Program ARGUS Is stud- 
ying tiie social and emotional eSieota of spaoe- 
Uto situations which man has not yet had to face. 
These Include a combination of; 

!• Intensive! enforced Interaotlcn of small 
grcnps. 

2. Sustained demands for vigilance in reach- 
ing rapid and Irreversible decisions, 
3« Prolonged total isolation in a sensory- 
poor environment, 
4« Total interdependence of all individuals 

for groiqp survival, 
5, Total inqpossibility of removing an 
ineffective crew member, 
Altfaouc^ the initial purpose of Project ARGUS 
was to anticipate problems of crew effective- 
ness in future Naval environments» the results 
of this sbid^ can provide hadight into space 
crew selection. 




Naval Ordnance Laboratory 
(White Oak, Maryland) 

The Naval Ordnance Laboratory (NOL) has 
as its stated mission to conduct researcht design 
development, test and technical evaluation of 
complete ordnance systems, assemblies, com- 
ponents, and materials pertaining to existing, 
advanced and proposed weapons, principally in 
the fields of missiles and underwater ordnance, i 
As a result of involvement In mai^ space-age ] 
programs, NOL has accomplished numerous ord- j 
nance feats, A partial list would include the i 
arming and fusing mechanism for the POLARIS \ 
missile, fumlsUng design data for the TERRIER, | 
TARTAR, TALCS, SIDE WINDER, PERSHING, \ 
ATLAS and TITAN missiles, and the 'develop- | 
ment of esqplosives used in the Gemini satellites, > 

The Naval OrdnifiQce Laboratory has also j 
placed eniphasis on studying missile rei^»entry | 
wakes in an extensive testing program. The 
aerodynamic charaoteristlos - of wakes are in- 
vestigated throuc^ the use of shadowgraphs and 
photc^aphs of the airflow behind re-entry models 
Infliglit, 
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Naval Weapons Laboratory 
(Dahlgren, Virginia) 

The Naval Weapons Laboratory (NWL) is 
well known for its activity in the fields of weapon 
development and evaluation! warhead and terminal 
ballistios design* e}q;>losive8 and propellant re- 
search, NWL also has significant projects in 
space-related areas. The Naval ^pace 
Surveillance System, a radar watohdog of space, 
was established as an operational facility at the 
NWL in 1960, 

The Laboratory's work in the area of sate- 
llite geodesy is also of significance. NWL is 
responsible for the determination of the shifts 
of major datums and isolated sites with respect 
to the center of mass of the Earth, as weU as 
the determination of the value of the mathematioal 
series e^qpansion for the gravitational fiel<< of 
Earth, 

Other projects at NWL Include research in 
celestial mechanics which resulted in discovery 
of the motions of the Planets PLUTO and NEP- 
TUNE. Smaller scale projects at the Laboratory 
relate to analysis of telemetry data satellite- 
borne sensors such as photocells, and computer 
analysis of the angular motion of satellites 
subject to gravitational and magnetic torques. 



Aerospace Crew Equipment Laboratory 
(Philadelphia, Pa.) 

The Aerospace Crew Equipment Laboratory 
(ACEL) of the Naval Air Engineering Center, 
has conducted programs relating to the engineer- 
ing, physiological-psychological, and trisdi^ng as- 
pects of manned space-flights. The Laboratory's 
work with hi^-altitude, full-pressure suit in- 
vestigations has been fruitful. The results led 
to the development of the operational MK-IV 
full-pressure system used by Project MERCURY 
Astronauts and naval aviators, ' 

The Bio-Astrbnautioal Test Faoilily of ACEL 
is investigating the ability of men to live in a 
full-pressure suit for extended periods of time 
at various pressures. The results of this research 
were extremely helpful in the planning and 
exoecution of the QEMINI space missions, anil 
continuing efforts will . si^pbrt the ' A^LLO 
Programs. 

The hi^-altitude training chamber can simu- 
late altitudes up to 260,000 feet. It has a temper- 
ature range from a minus 150^ F to a plus 
750* F. This chamber can test the APOLLO 
space module completely enclosed. 
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Naval Air Ddvelppment Center 
(Johnsville, Pa«) 

The Naval Air Development Center (NADC) 
is another Naval facility which has been a fore- 
most contrihutor to space researoh« One excellent 
example of the space-oriented activity performed 
at the Center pertains to the oentriftige that is used 
to conduct tests to learn the effects of space-flight 
on the human body« Simulated nights for X-15 
pilots have been conducted at this facility, and 
astronauts have received simulated mission train- 
ing for MERCURY and GEMINI, 



Naval Avionics Facility 
(lndianq[x>lis. Indiana) 

The Naval Avionics Facility (NAFl) is perhaps 
best known for its work in the development, 
design, and limited manufacture of eqfoipment 
associated with Naval weq;>onry« 

Under one roof, NAFI offers 11 V4 acres of 
shop space maiidy devoted to quick-response 
manufacturing proposals. NAFI is currently en- 
gaged in about 600 differentprojectsrangingfrom 
repair of missile guidance systems to the manu- 
facture of proto^pe satellite parts. NAFI was 
originaUy designated by the Navy as the production 
agency for the operational satellite of the Navi- 
gation Satellite System. NAFI provides allneces- 
sary services to assure proper injection of the 
satellite into a satisfactory orbit. 




Naval Aerospace Medical Institute 
(Pensacola, Fla.) 

The mission of the Naval Aerospace Medical 
Institute (NAMI) includes oonducttng a broad 
program of basic and flfqplied research in the 
fields of aviation and aerospace medicine, es- 
pecially in the areas of cosmic radiation, exotic 
environments, magnetism, disorientation, 
weightlessness, and the establishment of guide 
lines for the selection and training of astronaute. 
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The Institute brouji^t attenticm to tbe Navy's 
early space role In May, 1959, when it sent 
the first primatSi Miss Baker, ( a scpdrrel 
monkey from the Jungles of South America)^ on 
her historic trip in the noseoone of an AEROBE E 



Rocket. Her flight aboard a missile into space 
gave research scientists at the Center early 
information for the development of techniques 
for capsule recovery and the monitoring of 
medical data from living animals in space. 




Because the Navy has studied the medical 
aspects of military flying and space-fli|^ts for 
many years, NASA asked the Institute to continue 
and accelerate its study of the problems which 
must be solved if man la to live in an orbiting 
spacecraft for lon^ periods of time. The Insti- 
tute has broadened its studies with simport from 
NASA. 

One of the problem areas investigated 
the Institute la the effect of radiation on man. 
Since man-on-earth is protected partially from 
radiation by the Eartfa^s magnetic field, the 



Institute is studying the possibility that magnet- 
ism can be used in a protective fashion about 
a spacecraft. In fact, all es^eriments in space 
are reviewed hy the Aerospace Medical Institute 
to assist in their evaluations of the extent 
of the radiation problem. The Institute, which 
is one of the finest vestibular research centers 
in the world, is also studying the ejects of 
various motions encountered in space that will 
affect man's inner ear. To counteract weight- 
lessness, future space stations may be built ^ 
80 that they spin slowly and create an effect 
similar to that of the Earth*8 gravity. To learn 
more abiout the possibilities of such an q^roaoh 
to a space problem, a Coriolis Acceleration 
Platform was constructed at the Institute. This 
mechanism enables the effects of linear motion 
to be studied in combination with various angiUar 
motions. It permits the accurate simultation of 
many of the bizarre combinations offoroe stimuli 
whidi inay occur in flight operations and the study 
of their effects on crewmen under carefully con- 
trolled cttiditions. 

Also included in the many areas of research 
performed at the Institute is the activity oentered 
around studies of the effects of zero gravity. 
For instanoe, acceleration of the body caused 
hy the minute driving foroe of the heartbeat 
has been measured accurately. 
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Naval Ordnance Tost Station 
(China Lake. Calif.) 



The Naval Ordnance Test Station (NOTS)» 
in addition to its competent ordnanoe activltieBi 
has capabilities to conduct space research in 
a number of areas. The station has a well- 
integrated team at over 6000 graduate civilian 
and military scientistSi engineersi and technical 
support personnel. NOTS possesses the cq;)a- 
bility of following a project from basic research 
throuc^ feasibility demonstrationi pilot produc- 
tioni test and evaluation» and subsequent release 
to the fleet. The Miohelson Laboratory is the 
hub of Astronautics* effort at NOTS, and is one 
of the world's most complete research and 
development centers. 

Other NOTS capabilities which support astro- 
nautics programs include the highly instrumented 
SKYTOP I (a solid-;rocket facility capable of 
providing static-test firing of POLARIS motors 
in the horizontal position; SKYTOP II for static- 
test firing in either the vertical or horizonal 
position; SKYTOP III for handUng motors known 
or suspected of being defective. The SKYTOP 
data-acquisition system is cqpable of gathering 
200 channels of information and can be switched 
quickly from one test bay to another. 




SNORT, (the Supersonic liaval JBP* 
search X^^aok, v^ch is 4.1 miles long) is used 
for testing astronautic conqponents, such as 
inertid platforms, whUe under acceleration and 
vibration. Components can be tested on this : 
track under controlled conditions viAiioh may j 
Include human factors esqperiments. These use I 
dummy-type or robot men as well as live animals. ! 
GEMINI esoiB^ systems have been tested on 
SNORT. Large scale destruct-tests of solid- 
rooket motors under various acceleration con- 
ditions have provided valuable information on 
the esqplosive dangers of space boosters. 

NOTS has a continuing program of research 
in other areas, sucdi as study involving the use 
of sea animals^ atmospheric and environmental 
studies, and the development of instrumentation 
for future space programs. NOTS has a flexi- 
bility (because of its personnel and facilities) 
that permits a rqpid shift to any appropriate 
space project* 



120 



Chapter 10 - NAVAL SPACE PACIUTIES 



Naval Missile Center 
(Point Mugu, California) 




Naval Eleotronios Laboratory 
((San DiegOi Calif.) 



The final Navy facility to be discussed is 
the Naval Electronics. Laboratory NEL). This 
Laboratory presently is supporting the Navy 
Space program in three major areas: 

(1) Defense Communication Satellite Pro- 
gram (DCSP), to provide oonmiunioations for a 
variety of users including aircraft» ships, subma- 
rines, and field troops. 

(2) The tactical Satellite Communication Pro- 
gram (TACSATCOM). 

(3) The Shipboard Metercflogioal Satel- 
lite Readout Stati<xi to be used in conjunction with 
selected ships of the fleet. 



This brief view of the capabilities and a- 
chievements of a few of the Navy's field ac- 
tivities certainly permits a realistic con- 
oluijlon that the space achievements of our 
Na£nbn owe a great deal to Naval research 



The Naval Missile Center (NAVMISCEN), 
in over twenty years of operation, has developed 
unique test and evaluation capabilities. These 
include a wide variety of laboratory facilities, 
the availability of aircraft and targets, and 
the facilities of the hig^ instrumented Sea 
Test Range. 

Astronautic research programs conducted 
the NAVMISCEM have provided various con- 
tributions to the mobile launch concept for 
sending payloads into space. This has been 
accomplished through the utilization of both 
aircraft and sea launch techniques. Other work 
has been conducted in the fields of the Navi- 
gational Satellite 3ystem, tactical probes, and 
Ocean Surveillance. The Space and Astronautics 
Orientation Course for senior personnel of the 
Navy Department is based at the Naval Missile 
Center. 




and devel<q[teient. Although tlie Navy Labora- 
tories were not necessarily designed for the 
space age, when the challenge of the space race 
appeared, they responded in a most commenda- 
ble fashion to lend their talents where appropriate. 
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TABLE I 



AV.VAV.*. 



mm 



FACILITY 
Naval Observatory 

Naval Research Laboratory 

Naval Medical Research Institute 

Naval Ordnance Laboratory 

Naval Weapons Laboratory 

Naval Air Engineering Center 

Naval Air Development Center 

Naval Avi(mi08 Facility 

Naval Aerospace Medical Institute 

Naval Ordnance Test Station 

Naval Missile Center 

Navy Electronios Laboratory 

Naval Air Test Facility 

Naval Air Turbine Test Station 

Naval Underwater Wefl^ions Station 

Naval Medical Field Research Laboratory 

Naval Training Service Center 

Applied Physics Laboratory, 
John Hopkins University 

David Taylor Model Basin 

Naval Applied Science Laboratory 

Naval Underwater Sound Laboratory 

Naval Propellant Plant 

Naval Ordnance Missile Test Facility 

Naval Ordnance Laboratory 

Naval Biological Laboratory 

Naval Radiological Defense Labori^ry 



LOCATION 
Washington, D* C* 

Washington, D* C« 

Bethesda, Maryland 

White Oak, Maryland 

Dahlgren, Virginia 

Philadelphia, Pennsylvania 

Johnsviltoi Pennsylvania 

IndianqK>li8, Indiana 

Pensacola, Florida 

China Lake, California 

Point Mugu, California 

San Diego, California 

Lakehurst, New Jersey 

Trenton, New Jersey 

Newport, Rhode Island 

Camp Lejeune, North Carolina 

Orlando, Florida 

Silver Spring, Maryland 

Carderock, Maryland 
Brooklyn, New York 
New London, Craneoticut 
Indian Head, Maryland 
White Sands, New Mexico 
Corona, California 
Oakland, California 
San Francisco, California 
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LAUNCH TECHNIQUES 




Before entering into amore detailed disoussiim 
of programsi it is appropriate to consider the 
various launch techniques by vAdct probes and 
satellites are sent into space. Launch platforms 
merely support missiles or space boosters until 
they are fired and these supports come in various 



forms. Platforms can be fixed or mobiles above 
or below ground level; shlpborne on the surface 
or below the surfape of the ocean; and airborne. 
Launchers can fire vertically or near-horizontal- 
ly from simple concrete pads. siloSi tubesi rails, 
aircraft, or from water itself. 
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LAND LAUNCH 



The simplest zero-length launchers for the 
smaller solld-prppellant rockets differ greatly 
from the extensive launch complexes for the 
largest liquid-ftieled space boosters. The largest 
solid-fueled and liquid-fueled space boosters are 
customarily launched from the national ranges. 



5 



Manned spacecraft and deep space probes are 
launched from the Eastern Test Range ( ETR ) 
from launch complexes as large as the SATURN 
installation* which will be used extensively for 
the larger space probes of the future. Both mil- 
itary operational missiles and satellites are 
launched from the Western Test Range (WTR) 
using concrete launch pads on the ground or 
concrete silos below ground level. 



The siqqport facilities required for erectingi 
preparing for launcAi* and launching ground- 
based rocket-propelled vehicles vary. Forsmalli 
vertioaUy launched rpcketSi the launching facility 
may consist of a steel ring on a concrete pad. 
For non-vertioalty launched niissileSi a z^rp- 
lengtb or rail-type launcher may be used. (A 
concrete Uoddiouse or bunker is citen used to 
protect personnel during the launch sequence.) 
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For large solid-propellant rockets » the launch 
complex oonBists of a dry launch pad. a launch 
standi service tower or gantry to permit access 
to the missile during oheckouti a blockhouse 
for personnel during launch, and the usual ground 
siq>port equipment. The weighing of the solid- 
propellant motorSi and the static tests are 
normally done before transport to the launching 
sites. Ai^ launch-stand checkout must be con- 
ducted with the missile in a hazardous condition. 
For safety and fire prevention, major subsystems 
are usually checked out separately in an isolated 
assembly area. 

The cylindrical concrete launch silo for the 
scAid-prqpellant MINUTEMAN n is 94 feet deep 
and 12 feet in diameter. The overall length 
ofaJke three-stage, solid-fueled ICBM is 56 
f^^and the diameter is only 5 1/2 feet. An 
u|y||nnftd two-level equipment room contains 
tbe^jflectronic equipment and cabling required 
U^^^nitor the missile and initiate launch on 
d5inmand from the launch center. A remote 



launch control support building contains crew 
living quarters, environmental control equipment, 
and power ani communicatlcms equipment for 
personnel In the launch control center. 

During movement from the assembly plant 
to the launcher, a transporter-erector provides 
a controlled environment for the missile and 
erects the missile for emplacement in the 
launch tube* A reinforced concrete door which 
protects the silo is moved horizontally from 
the path of the missile very rapidly prior to 
launch. The MINUTEMAN U is launched out 
of the silo so rapidly that the exhaust gases are 
not ducted to the atmosphere separately from 
the launch silo. After laimchfrom its underground 
silo, the missile rises vertically for several 
seconds, and then pitches over gradually. Yaw 
and roll alignments- are accomplished during 
second and third stage bum. The re- 
entry vehicle or warhead separates after third 
stage thrust is terminated and continues to the 
target at speeds exceeding 16,000 mph. 
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The world's first successful land launch 
of a liquid-propellant rocket was achieved 
Dr. Goddard tram a Massachusetts farm in 
1926. Development of liquid-fueled rockets has 
progressed rapidly. Its crowning achievement 
to date is the gigantic SATURN V. The first 
stage of SATURN V is 33 feet in diameter 
(excluding fins) and consists of five engines 
(each developing 1,500,300 pounds of thrust, 
totaling 7.5 million pounds of thrust). At launch, 
with the APOLLO spacecraft on top of its third 
stage, the SATURN V towers 365 feet hi^ over 
Cape Kennedy. 

For large liquid-propellant missiles like the 
SATURN, the launch complex is extensive. In 



addition to the usual hardstand, the mobile 
laimcher, the launch utility tower, launch control 
center and ground support equipment, liquids 
require elaborate fuel storage, loading 
and weighing facilities and usually a water- 
cooled flame deflector for diverting the engine 
eidiaust, and a hold-down and release system. 
Strain gauges which measure structural dirfor- 
mation 1^ electrical properties are usually used 
in the weighing systems. The blockhouse oor^ains 
test and control consoles and recording equipment 
to check and launch the missile remotelylflBata 
from the launch is recorded automatically. B^nore 
launch, readiness of down-range equipment, 
weather, instrumentation equipment, and theifLaal 
checkout during the countdown must be assured. 
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A spacecraft received at the launch pad must 
be thorough tested before being mated to 
the launch vehicle for final checkout. The primary 
link between the spacecraft and the rest of the 
ground support complex, including the tracking 
and communications networkSi is through the 
umbilical cable that feeds power, gas. hydraulicSi 
and electrical signals. Before the umbilical is 
broken at launchi final calibration of onboard 
instiimientation and final verification of system 
operational readiness must be assured. Final 
launch checkout may vary from a few minutes for 
military operational missiles such as TITAN II 
using automatic checkout equipment* to several 
weeks for complicated e^qperimental type launches. 

The reinforced concrete Mo used for 
launching TITAN II missiles is 155 feet deep 



and 55 feet in diameter. The missile silo houses 
the 103-foot talli two-stage, liquid-fueled ICBM 
and support equipment. Crew members work 
and live in the control center. The separate 
structures are connected tunnels and the 
entire complex is * ^hardened* * or designed to with- 
stand enemy attack. During the readiness state* 
the missile and critical equipment are mounted 
on shock isolation systems to avoid damage 
from nuclear blasts. Each missile complex has 
wind and temperature-gradient sensing devices 
to warn of hazard areas containing toxic gases 
released burned propellants. The silo is 
protected a 750-ton silo door ^ch is moved 
horizontally out of the missiles launch path 
in a matter of seconds. The missile is fired 
without being raised to above ground level. 
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The TITAN II missile is launched out of 
the laundi tube, with the exhaust gases conducted 
above ground to the atmosphere 1^ separate 
ducts. After launch from its underground silo, 
the missile rises vertically for several seconds, 
properly aligning itself with the target. Then 
the missile pitches in a curving trajectory 
during first stage thrust, reaching supersonic 
speed. When the first stage is shutdown, the 
second stage ignites and separates, reaching 
speeds of 15,000 miles per hour. The last 
step in the sequence is when the re-entry vehicle 
or warhead sparates and continues to the target. 



The land launching of solid-propellant and 
liquid-fueled rockets has progressed to the 
10-foot diameter soUd-propellant boosters 
strcqpped onto the 10-foot diameter core of the 
TITAN me. Each solid-rooket motor is 85 feet 
long, wei|^ 250 tons, and generates over 1,000.- 
000 pounds of thxrust. The TITAN inc liquid- 
fueled core with the two solid^ropellant boosters 
is presently launchedfrom the Eastern Test Range 
(ETR) laun<fli pads, collectively known as the 
Integrated Transfer Launch (ITL) complex. Ejec- 
tion rockets, mounted on the forward and aft ends 
of each solid-rocket motor, thrust the e^qpended 
motor casings away from the core vehicle after 
launch . 




..WATER LAUNCH 

Before 1960, the first operational missiles 
to be launched from submarines were the winged, 
medium-range REQULUS missiles. The subsonic 
REQULUS vehicles were boosted 1^ solid- jet- 
assisted-take-oCf rockets and sustained in flight 
by turbojet engines. The missiles were enclosed 
in cans on top of the submarines and laxinolied 
on the surface from zero-length laundiers. 
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The next natural step was to develop a 
technique for launching from beneath the surface. 
This was achieved in 1960 Ijy the firing of the 
A-1 fleet ballistic missile (POLARIS) frcnn the 
OEORQE WASHINGTON. POLARIS is atwo-stage 
solid-prppellant missile. The A-3 missile is 31 
feet longs and four and one-half feet in diameter 
with a range of about 2800 miles. The A-2 was 
slightly smaller in dimensions with a range of 
2000 miles. Each missile weighs about 15 tons. 
It carries a powerful nuclear warhead. They are 
launched an air or steam ejection system which 
forces the missile from its laundUngtube, through 
the water, and to the surface. Each launch!^ 
tube has its own air or steam siqpply, independent 
of the other 15 tubes. Vital parts of each missile 
are accessible for inspection and maintenance 
even when loaded in the launching tubes and while 
the submarine is submerged at 8ea« Only upon 
reaching the surface after launch does the rodset 
motor ignite and send the missile on its way. 




The is possible because of the reliability and 
instantaneous ignition characteristics of 
the 8olid-prppellant. Jrhs safety advantages to the 
submarine and its crew are obvious. 




In 1967, the force of 41 FBM submarines 
with their 656 POLARIS inlssiles became a- 
vailable. Fully two-thirds of the deployed force 
will be at sea at all times. Eachnudear-powered 
submarine's 16 nuclear-tipped missiles are ze- 
roed in on strategic tugets. The heart of the 
submarine's navigatidn ssrstem is SINS (Ship's 
Inertial Navigattoti ^tem]r. A gyroscqpio frame 
of reference is established with SINS stable 
platform, maintaining a ccmstant report of the 
sUp's position. SINS is tqidated from ottier 



navigation aids including the Navy*s 
satellite navigation system. During the time the 
missile is in fUght, a computerized fire control 
system accounts for ship's position, target lo- 
cation , true north , submarine motion, and 
even the amount of tibe Earth^s rotation. 
The fire control system erects and aligns the 
missile's inertial guidance system, pro- 
vides exact steering instructions, and can pre- 
pare missiles for laiinoh faster than one 
missile per minute. 
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A fourth generatton missile, POSEIDON, now 
being developed, iB a new missile vAiioh will 
give the fleet greater aoouraoy and greater 
payload. 



As spaee boosters beoome larger and larger 
(beyond SATURN V) limitations of real estate 
and added safety preoautions may require laimoh 
sites at sea* The oonoept of launching at sea 
from ships or submarines has already been 
proven* The open sea oan provide sites direotly 
on the equator for launohing synohronous satel* 
lites thus eliminating the added thrust required 
for doglegging the satellites into equatorial orbit 
from the latitoides of the national ranges* Beoause 
over two-thirds of the Earth^s surface isoovered 
with water, many unique looattons for hi^- 
altltude research oan be reached best by ships* 
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The suggestion of launching rockets from 
the siirfaoe of the oceans originated in 1923, 
when Herman Oberth proposed that large rockets 
could be towed out to sea, erected \yy fueling 
with alcohol and liquid-oxygen, and then be 
fired. In 1929, Oberth was technical advisor 
in a German science-fiction film titled, **Woman 
in the Moon" which showed such a simulated 
water launch of a large rocket. 

In 1960, work at the Naval Missile Center 
at Point Mugu, Califormia, led toproject HYDRA, 
which demonstrated the feasibility of launching 
small and medium rockets from the water. 
HYDRA is a launch site concept, not a missile 
or vehicle system. It is simply a short name 
for mobile sea-launching from a free-floating 
position on the open ocean. It can be compared 
to NASA's gantries or the Air Force's silos 
before missiles are put into them. 




Theoretical studies show that there are no 
major technical problems in adapting present 
solid-prcq[>ellant missiles, or building new liq- 
uid-fueled vehicles, to be HYDRA-launched. The 
fueled-vehicles when in the water act like spar 
bupys. The larger the vehicles, the more stable 
they are in the water - just like icebergs* When 
the vehicles are launched, the initial departure 
vector is very close to the vertical. Theoretioaily, 
it should be possible to fire boosters from water 
depths as great as 600 feet. 




The sea-launoh method is particularly at- 
tractive for lannohlng large chemical and nuclear 
boosters of the future. The Naval Missile Center 
has investigated three basic-'water-launoh teohr 
niques: 

(1) Bare«lloating. Except for buoyancy aids 
and damping fins yAAdh separate at the moment 
of laundi, the rocket floats unstqyported. Most 
of Ihe vehibles launched in the HYDRA project 
belong to this category. 

(2) Incfivsulated. The rocket is contained in 
a tube for transport and launbh. This method 
mig^t be. used for sounding rodcets and for 
other missions requiring lonj^torage and con- 
siderablehandllng. 

(3) Floating rail launoher. The rocket is held 
between multiple rails suspended from a flo- 




tation chamber. This technique provides hig^- 
stability and structural 8tqn>ort in an active sea. 
i Such launchers have been successfully used for 
. launching ARCAS, C AJUN and HYDRA-^IBIS. 
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During the launch sequenoot the booster and 
the Bustainer are ignited almost simultaneously, 
and as soon as the booster thrust level decreases 
to a sufficiently low-level| the IRIS leaves the 
interstage ring^and pulls away from the booster 
on its upward trajectory. 

In January 1965, a HYDRA-IRIS vehicle was 
fired from a floating^rail launcher in the open 
ocean, east of Buenos Aires, The vehicle lifted 
a 126-pound gross payload to an epogpe of about 
155 nautical miles. This is where a magnetic 
anomoly allows the Van Allen Radiation belt 
to dip into the atmosphere. The Q£fioer-in- 
Charge of the Space and Astronautics Orientation 



Course (SAOC), Conunander R, G. Herron, had 
an experiment for the first proton measurements 
in a vertical rise profile in this payload. 

Several of the instrumented test vehlcleB 
that have been launched under the HYDRApr6Ject 
during the research and development phase in- 
clude: a solid-fueled HYDRA lA; a lOS^^foot 
telephone pole to test rocket ignition at this 
depth below the surface; the HYDRA-ARCAS; 
and a liquid-fueled SEA BEE. 

HYDRA-IR[S is a current workhorse for 
boosting scientific payloads Into space. The 
main components of the HYDRA-IRIS are: 

1. A two-stage unguided rocket vehicle. 

2. A floating rail launcher. 

3. A remote (radio link) checkout and 
vehicle function control system. 

Final assembly, checkout, and launcher load- 
ing are done aboard ship. The ship's boom 
is .used to place the vehicle and launcher combi- 
nation into the water where ttie assembly auto- 
matically assumes the vertioalposition. A remote 
checkout verifies that the vehicle is rea4y for 
launch* If a malfunction occurs, the^ remote 
checkout link can return the assembly to a 
ttsafe^ condition so divers can make the pro- 
pulsion systems safe for retrieval liy the launch 
ship. 
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AIR LAUNCH 



Military aircraft have launched air-to-air 
and air-to-ground mdssiles since World War n. 
In 1957, during the International Geophysical 



Year, BOCKOONS were launched from ballons and 
atmospheric sounding projeotiles. The ROCKOON 
was designed to carry a 25-pound payload to an 
altitude of 70 xniles« The ROCK AIRE was designed 
to carry a 40-pound ps^load to a40-mile altitude. 
These were both solid-propellant missiles. 
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In 1960| the Navy launched a payload of 
ovGi:[p 150 pounds from an F4B airorc^ in an 
ove^ ^the<*8houlder delivery using a two*stage 
missile. The missile was launched verticaUy 
at,;9^»000 feeti rose to a 630-mile ^)ogee and 
arced down-range 730 miles. The technique of 
using missiles with onoi twoi or three stages 
of propulsion was attractive from stanci^ints 
of flexibility and economy because the aircraft 
acted as the recoverable first stage booster. 

The Air Force is developing an air-launched| 
air-reooverable rocket (ALARR) as part of the 
VELA-surface detection system for monitoring 
nuclear activities in the atmosphere. F-4 aircraft 
are used for laundiing the modified QENIE rocket* 
and C-130 aircraft are used for recovering the 
nosecone in the air while the noseoone is slowed 
in its descent a ballute and paraohute system. 
The launches are at supersonic aircraft speeds 
with nosecone qK)gees of 250|000 feet. The 
aircraft (flown at 39*000 feet and at Maoh 2) 
initiates a pull-up which exerts acceler- 
ation and the rooket is launched at an angle of 
70 degrees from horizontal. 





Launching by a recoverable RAMJET-powered 
second stage* boosted to pperaUng velocity with 
a surface rail-guided rocdcet engine as first 
stage* has been studied. By using air-breathing 
enc^es* an oxidizer is not required on boards 
Of the various air-breathing engines* 
SCRAMJETS (supersoi^c oombustlon Ramjets) 
are more efficient than^, conventional Ramjets at 
speeds over Mabh 8. 

The primary difference in the SCR AMJET and 
the RAMJET is the design of the inlet and con- 
vergent-divergent nozzle. In the SCRAMJET In- 
coi^ng air is slowed to siq;)ersonlc speed before 
fuel is injected and bumedt midntalning siq^ier- 
sonic flow. In the RAMJET* Incoming air is 
slowed to subsonic speed at the inlet* ftiel 
is injected and burnedt and the outlet products 
are aocelerated in a convergent-divergent 
nozzle. The main disadvantage of these enj^s 
is the requirement to boost them to operating 
velocity. 
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One method studied to place a vehicle into 
orbit about the Earth proposed: (a) to boost 
the RAMJET-powered second stage to operating 
velocity along the ground with a rail-guided 
rocket engine, (b) to fly the RAMJET-powered 
second stage to its maximum velocity and alti- 
tudSi and (c) to complete the ascent of the 
payload to orbit with rockets. 

In the studty, afour-stagevidhicle was proposed 
for the mission. Orbital payloads of 500 and 1000 
pounds were considered for launching from a 
north-tOHGiouth track to an orbital altitude of 50 



nautical miles. Rockets would comprise the 
first, third, and fourth stages; the RAMJET 
would be the second stage. The ascent trajectory 
is shown for the planned mission. 

The first and second stages would be re- 
coverable. The proposed launch site was a 
north-south track at Point Arguello in the Western 
Test Range. 

With this background of present and future 
launch techniques, let us proceed to a detailed 
consideration of the programs and vehicles used 
to gather data in space. 




CHAPTER 12 

DATA GATHERING IN SPACE 




GENERAL 

The impetus to discover and analyze the 
environment surroundiDg Eartti has encouraged 
man to gather data from space by any means 
available. At the turn at the 20tti century, 
DeBort used balloons to obtain quantitative 
data on the idiysical characteristios of the 
troposphere. The next decade^^saw a great 



harvesting of knowledge about the stratosphere. 
The advent of rooketoy led to even more frequent 
and deeper sounding of the air ocean. Rocket 
societies were organised in many countries to 
work with sounding rockets. In 1930» for 
example, the American Interplai^tary Society, 
the predecessor to the current Americanlnstitute 
of Aeronautios and Astronautics (AIAA), was 
formed. 
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U^neraUy speaking, sounding rockets are 
derf^ed to attain altitudes up to about 4,000 
miles and return data radio telemetry or 
capsule recovery. Those probes designed for 
lower-altitudes generally investigate geophysical 
prci)erties of the iQiper atmosphere surrounding 
the Earth. These have returned information 
on atmospheric winds, the Earth's cloud cover, 
and properties of the ionosphere. Hifi^r- 
altitude sounding rookets have sent back data 
on cosmic rays, radiation belts, ultraviolet 
rays, solar flares, and many other phenomena. 
Sounding rookets permit the performance of 
scientific studies in a vast region of the 
atmosphere too low for satellites and too hig^ 
for balloons to reach. 

, Another significant but less known value 
from sounding rookets is the in-flight develop- 
ment and testing of instruments and otber equip- 
ment intended for use in satellites. By first 
checking out the performance of these components 
during sounding rocket flights in the near-Earth 
space environment, greater satellite reliability 
is assured and costly failures may be avoided. 
Eiqperimenters from universities, industry, and 
foreign organizations use the sounding rocket 
as a logical and IneTqpensive starting point for 
gaining eaqperienoe in space soience techniques. 

Another attribute is that soimdlng rockets 
carry instruments io specific locatlODS at the 
time and place needed. For example, NASA 
spunding rookets (Nike-Apaohe flights during 
September 1967) teamed with Puerto Rlco*s 
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Areoibo Ionospheric Observatory to probe the 
Earth's ionosphere in three launches from the 
Vega Baja Airport near San Juan, Puerto Rico. 

Launching from this Caribbean location 
permits simultaneous comparison of data 
acquired Xxy the NASA sounding rockets and \sy 
Arecibo's giant radar-radio telascope, 30 
nailes from the Vega Baja launch site. The 
Areoibo radar-radio telescope is the largest 
of its kind in the world. 



SCIENTIFIC PROBES 

Navy support of upper air research through 
the use of rocket probes has been consistent 
and productive. This support began in 1946 
with sponsorship of twelve German V2 flights 
at White Sands Proving Grounds. These e3q[>eri- 
ments were followed Iqr the AEROBEE shots in 
1947 under Navy cognizance. AEROBEE launch- 
ings iiududed the solar beaxne3q;>6rimentprogram 
to monitor background radiation from the Sun 
during quiet periods of solar activity; studies 
of ultraviolet radiation of the stars and nebulae; 
gamma radiation studies; and max^ other 
scientific programs. Other sounding rockets 
were used for space eiqperiments ranging from 
the study of weather to detection of the 
faint ultraviolet rays from distant stars. 
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In 1951, fleet requirements for a high*- 
altitude sounding rocket caused the Navy to 
support a High-Altitude Scientific Program 
(HASP). As part of HASP, a small 25-pound 
I^QIQ^^ocket (an early Army anti-aircraft weap- 
on) was modified to carry an elongated DART 
payload containing chaff (metallic reflectors use- 
ful in radar tracking). The vehicle was fired 
from a launching tube atop & gun barrel and 
subsequently from the gun itself 1^ using bore 
riders. The chaff is carried to 100,000 feet 
1^ the rooket and dispersed. The chaff is then 
tracked 1^ radar to determine wind velocities 
in the upper-atmosphere. 

Another -Navy single-stage probe is the 
ARC AS developed by the Qffloe of Naval 
Research to be used initially for soundings up 
to 200,000 feet. These small meteorological 
sounding rockets provide information about the 
atmosphere at altitudes from about 20 to 40 
miles. The rockets eject chaff, parachutes, in- 
flated spheres, and bead thermistors at the high- 
points of their trajectories. Collectively, these 
devices provide information about the atmos- 
pher as they fall to Earth. (The bead thermistor 
is in a package that telemeters temperature 
information to Earth. The chaff, parachute and 
inflated sphere are tracked to provide velocity 
information on winds. The rate of fall of inflated 
spheres also provides information on air density.) 
The portable ARCAS launcher wei^ 400 pounds 
and can be rigged by two men in less than two 
hours. Altitude and payload oq;>abilities have been 
improved by the addition of a SIDEWINDER 
motor as a booster which propels the ARCAS 



Significant scientific discoveries made by 
study of data from sounding roctets include 
the fact that temperatures in the mesosphere 
(an atmospheric layer 20 to 50 mUes above 
Earth) are as much as 60 degrees higher in 
winter than in summer. Rockets have also * 
provided evidence of pronounced wind shears 
at altitudes above 40 miles. (Wind shears refer 
to shifts in wind direction from altitude to 
altitude.) 

The Army's NIKE > vidth additional stages, 
has been employed frequently in upper atmos- 
phere eiqperiments. In one type of these ex- 
periments a series of small grenades Bxe 
ejected and esqploded at intervals along the 
rocket's trajectory. The locations of the ex- 



to altitudes in excess of 400,000 feet. On 30 
May 1965, ARCAS sounding rockets were used 
in conjunction with high-flying Jet aircraft, 
instrumented balloons, and ground-based 
observatories to study a solar eclipse. 

An eclipse presents an unusual opportunity 
to view the Sun's atmosphere, or corona, which 
is normaUy masked bright sunlight, in addition, 
scientists can examine the Earth's upper atmos- 
phere, partioularty the ionoq^here, when\solar 
radiation is abxiipUy curtailed. 




plosiohs are determined by radar and/or optical 
methods, and the time of arrival of the sound 
wave front at the ground is measured by micro- 
phones . This information, with appropriate 
meterological data on the lower-altitudes, indi- 
cates wind and temperdt:ire as a function of 
altitude. Another type 'isqperiment releases 
a sodium vapor* trail at twilight which glows 
orange along the upper portion of the rocket's tra- 
jectory. The deformations of this trail are 
recorded on time Iqpse photographs and wind 
information is derived. A third method is the 
pitot-static tube esqperiment by which atmos- 
pheric density, temperature, and wind data are 
derived from direct measurements of pressure 
during flight of the rocket. 
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Sounding rockets have recorded the lowest 
temperatures ever measured in Earth's atmos- 
phere. U.S. - Swedish cooperative sounding rocket 
studies conducted from Swedish Lqpland found 
temperatures as low as -143 degrees Centigrade 
(-225 degrees Fahrenheit) in the upper atmos- 
phere. The studies also solved the mystery of 
nootilucent clouds. Such cloudSi existing at alt- 
tudes of about 60 mileSi are peculiar because 
they shine at nig^t. They are now believed composed 
primarily of ice-coated dust particles. 

If instrumented payloads surpass 4|000 miles 
in altitude they sometimes are labeled geoprobes. 
Examples of gecqprobes are the Probe-21 
(launched 19 October 1961) and the Probe-21A 
(launched 29 March 1962) to measure ionosphere 
charaoteristics hy day and 1^ ni^t. Both were 



carried to about 4|200 miles altitude by NASA 
SCOUT launch vehicles. Results indicated the 
existence of a helium gas region in the atmos- 
phere wedged between a region where o^^gen 
predominates and a higher one where hydrogen 
predominates. E^lorer Vin, launched 3 Nov^ 
ember 1960| had provided the first indication 
of this helium layer. 

SATELUTE PROGRAMS 

Although sounding rockets* equipped with vari- 
ous kinds of instruments » are basic to probing 
the environment of Earth, we will now describe 
their big brothers, the scientific satellites, and 
present some advances in knowledge that they 
have made possible. 




EXPIiORERS 

Esqplorers comprise the largest group of 
satellitos in the United States space program. 
Explorer I, launched February 1, 1958, was 
the Nation*s first satellite. It made one of the 
most significant contributions of the l^ace Age, 
confirnadng existence of the previously theorized 
Van Allen Radiation Region (a zone of intense 
radiation surrounding the Earth). Gen- 
erally, Esqplorers are small satellites 
carrying a limited number of esqperiments. 
Explorers have been put into orUt to noeasure 
the thin wisps of air in the tqiper atmosjAere, 



and to determine air density 1^ position and 
altitude. For examplet E^^lorer XXIV provided 
data on the compositipn of Earth's ionosphere, 
including the presence of electrons which cause 
radio waves to be bounced back 1^ the ionosphere, 
thus making possible long-range high-frequency 
radio communicatibns on Ear&« E^^lorer XXXI 
studied the composition, density, pressure, and 
other properties of the tq[iper atmosphere and 
provided information on miorometeroids (tiny 
particles Ttf matter speeding through space). 
E>9lorer XXin measured the smiaU variations 
in Earth's gravity field and fixed more pre- 
cisely the locations of points on Earth. 
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VANGUARD 

r 

Project Vanguard, now successfully com-* 
pleted, was Inaugurated as part of the American 
program for the International Geophysical Year 
(IGY). The first Vanguard satellite went Into 
orbit on 17 March 1958. 

Among the valuable data acquired from this 
satellite was information regarding the small 
but significant distortion referred to as the 
tfpear shqpe** of the Earth. Two other Vanguards 
were launched in 1959. Vanguards have provided 
valuable information on Earth and its space 
environment, including such phenomena as 
Earth*s magnetic field, the Van Allen Radiation 
Reglont and micrometeoroids. 



RADIATION . IONOSPHERE SOUNDING 

'.XPLORfP XIV F. XV '■ I ^ >i 



IC^^OA/JTEORITES 



ATMOSPHERIC STRUCT! 



[ VPIOPFP XVI' 



INTERPLANETARY EXPLORERS 



Interplanetary Ejqplorers are a special class 
of Eiq)lorers to provide data on radiation and 
magnetic fields existing between the Earth and 
Moon. The information wiU be essential to 
planning for the APOLLO program to land 
American Astronauts on the Moon. The first 
interplanetary Eiqplorer, named E>?>lorer XVHL 
provided data indicating that the Earth^s mag^ 
netio field was shaped more like a teardrop 
than like the familiar symmetrical cluster of 
iron filings around a bar magnet. The Earth^s 



magnetic field apparently is pushed into this 
kind of shape by the sdlar wind, which consiste 
of hot electrified gases rushing from the Sun^s 
surface. The impact of the speedli^ solar wind 
against the Earth^s magnetic field was shown 
1^ Eiqplorer XVIH data to produce a magnetic 
shock-wave. Interplanetary E3q>lorers are plan- 
ned for launch into orbit around the Moon. 
These spacecraft will measure gravity, radi- 
ation, magnetic fields, micrometeoroids, and 
other phenomena in the lunar environment. This 
information, too, will advance both scientific 
knowledge and planning for manned esmloration 
of the Moon. 
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ORBITING ASTRONOMICAL OBSERVATORY 
(OAO) 

Man*8 stady of the universe has been narrowly 
oiroumscribed beoause the atmosphere blocks or 
distorts much eleotromagnetio radiation (X-rayS| 
infrared rays, ultra-violet rays) from space. 
These emissions can tell much about the 
structursi evolution, and composition of celestial 
bodies. The OAO will make it possible to observe 
the universe for extended periods from a vantage 
point well above the shimmering haze of the 
lower atmosphere. OAO will see celestial bodies 
shining steadily against a black bacl^ound. 
It will clearly delineate features which from 
the Earth are either fuzzy or indistinguishable. 

OAO will be a precisely stabilized 3900- 
pound satellite In a circular orbit about 500 
miles above the Earth. It will carry about 
1,000 pounds of e3q)erimental equipment (tele- 
scopes, spectrometers, and photometers) sip- 
plied to NASA hy leading astronomers. The stand- 
ardized OAO shell will be employed for many 
different types of missions and will contain 
stabilization, power, and telemetry systems. 
Two silicon solar-cell paddles and nlckle-cad- 




mium batteries will furnish an average usable 
power supply of 405 watts. The satellite is 
about 11 feet wide with solar paddles extended 
and the width of the main bo^y is nearly 7 feet« 
OAO will be an unobstructed peep-hole into the 
universe. 



ORBITING SOLAR OBSERVATORY 
(OSO) 

OSO is a series of satellites Intended for 
Intensive study of the Sun and solar phenomena 
from a point above the disruptive effects of the 
atmoqphere. The observatory is designed to 
carry such instruments as X-ray and Lyman 
Alpha spectrometers, neutron flux senprs, and 
gamma-ray monitors. Like OAO, OSO scientific 
equipment is Btq?plied NASA by leading as- 
tronomers. 

The first of these observatories, OSO I, 
which was about 37 inches high and 44 inches 
in diameter at the wheel-shaped section, was 
launched 7 March 1962. From a circular orbit 
at an altitude of about 350 miles the 440-pound 
spacecraft was able to point instruments at the 
Sun with an accuracy of 5 seconds of arc. 
This is comparable to sighting a penny a half 
mile away with a rifle scope. Data from OSO 
I have provided deeper insight into the function- 
ing of the Sun, and suggest ttiat techniques 
coold be developed for forecasting the major 
solar flares that flood space with intensities 




of radiation lethal to man aiul detrimental to 
instruments. OSO II, with an added capability 
for scanning the solar disc, was launched on 
3 February 1965 to continue scientific studies 
of the Sun. 
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ORBITING GEOPHYSICAL OBSERVATORY 
(OGO) 

Orbiting Geophysical Observatories gather 
Bigaifioant knowledge about the Earth, spacei 
and how the Sun ^uences and affects both. 
The 1000-pound OGO furnishes many times the 
data provided by smaller scientific satellites 
such as the E>q)lorer8. For example OGO I 
(launched 4 September 1964) and OGO II (launched 
14 October 1965) carried 20 different esqperiments 
as compared to the relatively few e^qperiments 
of E>9lorer XVin (eight esqperiments), '-^ 

The principal advantage of OGO is that it 
makes possible the observation of numerous 
phenomena simultaneously for prolonged periods 
of time. This permits study in depth of the 
relationships between the phenomena. For 
example I while some OGO e^qperiments report 
on the erratic behavior of the Sunt others may 
describe concurrent fluctuations in Earth and 
interplanetary magnetic fieldSi space radiation» 
and properties of the Earth's atmosphere. 

OGO is launched on a regular schedule into 
pre-assigned tralectories. When lamiched into 
an eccentric orbit (apogee about 60,000 miles, 
perigee about 150 miles), OGO studies energetic 
particles, magnetic fields, and certain other 




geophysical phenomena. When launched into a 
low-altitude polar orbit (apogee about 300 miles, 
perigee about 140 miles), OGO is instrumented 
chiefly for stud^ of the atmosphere and ion- 
osphere, particularly over the poles. 



PEGASUS 

Named for the winged horse of Greek my- 
thology, Pegasus satellites are among the heaviest 
and largest U.S. spacecraft. Deployed In space, 
the great wli^(S of the Pegasus satellites span 
96 feet i^e the center section, resembling 
the ftiselage of an airplane, is 71 feet long. 
The wings are designed to report punctures 
by micrometeoroids. Data from Pegasus sat-^ 
ellites not onty have advanced man^s under- 
standing of space but bxb aiding him In design 
of large craft Intended for prolonged miSBlonS' 
In 8paoe» tor example, the depthand frequency 
of penetrations reported tqr Pegasus satellites 
hel^ engineers to design the walls of spacecraft. 

The Pegasus satellites present about 80 times 
the surfade that was eaqiosed to particle Impact, 
by previous meteorold stud^ satellites such as 
E^lorers XVI and XXm. The three satellites 
In the Pegasus program were launohedby SATURN 
I rooket vehioles on February 16, May 25t and 
July 80, 1965« 
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BIOSATELUTES 

Biosatellites carry , into space a wide variety 
of planets and animals ranging from micro- 
organisms to primates. The e^qperiments are 
aimed primarily at studying the biological effects 
of zero gravity or weightlessness, weightlessness 
combined with a known source of radiation, and 
removal ct living things from the influence of 
the Earth's rotation. They are expeoied to con- 
tribute to knowledge in genetics, evolution, and 
physiology, and to provide new information about 
the effects of prolonged flight in space. 




DISCOVERER 



ERIC 



Discoverer is a satellite program that, since 
28 February 1959, has provided valuable data 
in such areas as radiation, meteroids, and 
air density in space near Earth, and in aerospace 
medicine. A major contribution of the program 
was the development of the technology for mid- 
air recovery or sea-reoovery of packages sent 
from an orbiting satellite to Earth. 




60LRAD 

Solrad is an acronym for ^ar Radi attcm 
Monitoring Satellite* The present objectives of 
Sotoad are to (a) contribute to our understanding 
of the Sun and its Intimate relation to our 
Earth environment, and (b) io detect increases 
in ttie Solar outpiit of X^ray radiation yfAAoh 
causes sudden ionoai^iEib diisitttrbances to occur. 
These X-rays ar6 thd i^reoi^ of HF radio 
btaokouti whidh occur periodically on Earth. 

The Navy has a particular interest in the 
possibilities this program presents as a Fleet 



The first sea-recovery was a package from 
Discoverer XII which was returned on 11 August 
1960. The first mid-air recovery of a package 
ejected from a satellite, (the 300-pound re- 
coverable package had been ejected from Dis- 
coverer XIV) took place on 18 August 1960. 
Discoverers have also tested components, 
propulsion, guidance system, and other 
technology for space projects. The ^Discoverer 
program was a major factor in testing and 
perfecting the Agena rooketi the reliable upper 
stage for many launch vehicles. 



warning technique \iseful in predicting these 
radio communication blackouts. In pursuit of 
information on solar effects, between the period 
1949 and 1960, the Naval Research Laboratory 
successfully launched a series of rocket probes 
into the ionosphere. These probes were V2s, 
Aerobee, Rockoons (balloon rockets), Nike- 
Deacon, and the Nilce-Asp. Rockets had their 
drawbacks, however; (1) they did not reach above 
the Earth's ionosphere, (2) they were not aloft 
for all phases of solar activity, and (3) they could 
not re^ster time variatiois of the intensity of 
the X-r^y and ultra-violet spectrum. To overcome 
these drawbacks, it was decided to launch a 
series of satellites. Beginning in 1960 and con- 
tinuing to date, a series of eight satellites have 
been launched. Others are scheduled for launch 
in 1967, 1969, and 1970. 

The use of these satellite systems to warn of 
impending communication blackouts will permit 
the fleet to respond 1^ (a) moving to alternate 
unaffected frequencies, (b) using alternate means 
of oommuhioation, such as landlines or satellites, 
(0) rerouting radio message traffic early in order 
to prevent a bottleneok from occurring, and (d) 
reducing traffic volume allowing only hi^-* 
priority messages to be transmitted. 
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Satellites o£fer a means for greatly Improved 
global oommunioations. Communioatiton via sat- 
ellites has Blxesjiy proven suooessfitl beyond 
e>qpeotations and man is further developing this 
new teohnique for inoreased appUoations. 

This ohi^ter wUj^eview methods of long- 
distance oommuj^^tons and discuss some in- 
herent limitatiOD^QH^ ml^t be overcome by 
the use of conununication satellites. Key com- 
mercial and mllitaxy satellite communication 
programs will be described briefly. 

GENERAL 

The history of communications is a history 
of man's increased understanding of his environ- 



ment and his continuing attempts to master 
it. But, regardless of the heroic attempts 
taken thus fari an effective society requires 
better communications. One cannot he^ but 
be amazed at the progress that the communi- 
cation media has experienced in the past 
century: in 1844| Morse demonstrated the 
first telegriq[)h; In 1876 Bell created a practi- 
cal telephonci and in 1896 Marconi's short- 
range communications. Finally i we are brought 
to the immediate past n^n reliable long-distance 
conrniunioations spanning continents have been 
conducted via radio waves and transmission 
cableSi such as the telegrifih and submarine 
cables. 
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While oaUes are very reliablei they are 
limited in data carrying oiqpaoity. Their ter- 
minal points are fixed, and the cables themselves 
are certainly vulnerable to damage. It has been 
estimated that a two-thousand mile cable system 
costs approximately four times that of a sat- 
ellite system. Additionally, interruptions in 
oommunioations due to sabotage or natural events 
(earthquakes, or undersea landslides) could have 
serious impact, especially during crises. 



Radio has been the principle method of 
achieving long-distance communications« These 
transmissions are d^ndent upon a number of 
propagation factors. While not bound to the 
fixed trunk-line paths associated with cables, 
long-range hig^-iirequency (HF) radio paths de- 
pend upon reflections 1^ the ionosphere (con- 
stantly changing layers of charged particles 
blanketing the Earth from some 40 to 250 miles 
above the surface, see Chapter 2)« Furthermore, 
the data handling rate of HF radio transmissions 
is limited 1^ the bandwidth of the carrier fre- 
quency. Although! voice and teletype may be 
transmitted on HF transmissions, video (tele- 
vision) or any hi^ speed real-time digital data 
is severely limited or precluded. 

Very high frequencies (VHF) are charaoter- 
iptically in the MegaHertz (million cycles per 
second) region. These frequencies andthehig^r 
microwaves can acconunodate hig^r data han- 
dling rates including video signals like television. 
But as television viewers in a fringe area know, 
these frequencies are limited to line-ot-*sig^t 
transmissions. With frequencies above 30-Mega- 
Herte (the lower boundary of VHF), most of the 
energy transmitted passes directly iqward 
-throu^ the ionoephere and is not rdleoted as 
lower frequencies. Hence, VHF and hi^r fre- 
quencies particularly are Ibnited to Une-of-sif^t 
transmissions emttng at the horisoii. For this 
reason our television links spanning the conti- 
nent consist of microwave relay toWers spaced 
every 30 miles or so across tihe nation. 
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SATELLITES TYPES 



Communloation satellites serve as radio relay 
stations In space. 

They are designated as passive or active sat^ 
ellites based xxpon whether they merely reflect 
radio energy (passive) or actual^ generate radio 
energy (activeU Passive satellites need no radio 
transmitter of their own since they reflect elec- 
tromagnetic energy from their surfaces. Passive 
satellites include both large reflecting bodies 
(such as the Moon» the Edbo Balloon Satellitesi 
and certain wire mesh configurations)! and dis- 
tributed reflectors (such as the belt formed by 
millions of small copper needles placed in orbit 
in 1963 as part of Project West Ford). Passive 
reflector satellites with few conqponents have a 
hig^ reliabilily. Because these satellites do not 
ampllfyi only a small portion of the initial trans- 
mitted energy reaches the final receiving station. 
This method of relay requires large receiving 



An active satellite receives, amplifleSi and 
rebroadcasts radio signals. Consequently, active 
satellite equipment is more complex than apassive 
system. Active satellite repeaters (and we will 
deal with immediate retransmission rathet than 
delayed repeaters) really perform a fimctlon 
similar to micro-wave relay towers. Because 
active satellites boost the energy level of the 
relayed signal, their associated ground stations 
need transmit less initial energy. Furthermore, 
because of signal amplification by the satellite, 
receiving stations may use smaller antennas. 
This is significant since small antennas may be 
carried within aircraft or located aboard ships. 

Active satellites may be conveniently grouped 
into two categories by their orbital altitudes: 
medium (below about 15,000 miles) and synchro* 
nous. Tn>ical nullum ftiMfaiiiA active satellites 
include Project Score (launched in December 
1958 the Department of Defense as the first 
active satellite); ProJectCourier, (a time delayed, 
active satellite); fba American Telephone and 
Telegrq^h Conqpany's Telstar Satellites 1 and 
2 (the latter, launched in 1963, provided the first 
trans«Atlantic two-way relay for television sig- 
nals); and NASA's Relay satellites (launched in 
1962 and 1964). gynohronous altitude active sat- 

gllites (Which orbil at 22,900 miles fixed in posi-* 
Ion over the equator) include 3ynoom n and 





antennas and esqpensive ground stations. Though 
studies and development of passive satellites 
continue, active satellites qipear more promising 
for use as routine communication links in the 
immediate fiiture. 
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Synoom IIIi Mdiioh were launched sucoessfully hy 
NASA in July 1963 and August 1964 (both are 
now carrying messages for the Department of 
Defense); the Conunimications Satellite Corpora- 
tion's Early Bird (the first conmiercial satellite 
for space communications); the International 
Xeleconmnuications Satellite Consortium (Intel- 
sat) II series; and the commercial Intelsat in 
spacecraft which will be flown in 1968« 

The arguments for medium altitude systems 
are that the satellites are less complex in aux- 
iliary station keeping propulsion requirements 
(thus more reliable), and the lower altitudes pro- 
vides hl^r overall system gain; while argu- 
ments for synchronous satellite systenos are 
that the ground stations are simpler, and fewer 
satellites are required for global coverage* 
Generallyi communications coverage of the Earth 
increases with satellite altitude. Three syn- 
chronous satellites equally spaced around the 
equator could provide continuous worldwide cov- 
erage, except near the poles« 




It should be borne in mind that a synchronous 
satellite requires not oni^ sophisticated orUtal 
position controls, but also complex power re- 
quirements and precise stabilized antenna point- 
ing. Furthermore, a syDohronoiiB satellite is 
more susceptible to enenqr interference or de- 
struction because of its easily fixed location. 
Because of ttiese susceptibilities, military au- 
thorities have favored a near-eviicaufopous sys- 
tem, such as the current fiiitiaj Defense Com- 



munioations Satellite Project (IDCSP)« This 
system, flownTin 1966, Involves many satellites 
in slowly changing, randomly placed, near- 
synchronous orbits* The system provides effec- 
tive worldwide coverage. The possibility of 
oon^lete ooinmunication blackout for any geo-* 
graphic Brek is minimised since, unlike a syn- 
chronous system, the failure of a sinj^ satellite 
could be ofteet Iqr an adjacent satellite that 
<<walks** into view. 



ERLC 
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COMMERCIAL SYSTEMS 

Commeroial oommunloatiQns via satellites 
is mushrooming despite oocasional problems 
of international agreement and competition amcmg 
established commercial interests. The main 
stumbling blocks appear to be (1) in negotiating 
international agreements for the use of this new 
medium and (2) in the designing of multiple- 
access systems to satisfy countries with differing 
requirements for the channels. The Communica- 
tions Satellite Corporation (COMSAT) has had a 
virtual government monopoly under the 1962 
Communications Satellite Act to provide world- 
wJ.de satellite oonununioations. Incorporated in 
February 1963. this pubUoly-held company not 
only accrued silently over 55% of the Interna- 
tional TeleconmmnioatiQns Satellite Consortium 
(a groap of over fifty cooperating nations)* but 
became program manager for developing the 
space segments of the Intelsat global systems. 

The USSR, which is not a member of this 
consortium, is the only nation, aside from the 
United States, to launch communication satel- 




lites. It has put up at least five since April 
1965. These <<Mobiiya** satellites (shown in 
the illustration) have been launched into ellipti- 
cal orbits chosen to provide a ma^ttmum usage 
over the Soviet Union. 




Today, the COMSAT systems include; the 
85-pound Early Bird (Intelsat I) which was 
suocessfiiUy launched during ^ril 1965 aboard 
a three-stage Delta booster and placed into a 
synchronous orbit above the Atlantic; three of 
the Intelsat n series launched during late 1966 
and early 1967 to provide commeroial channels 
over both the Pacifio and Atlantic Oceans and 
to provide links for the NASA APOLLO network; 
and the global Intelsat m series which is a mul- 
tiple access, 1,200 channel satellite built for 
deployment in 1968. The Intelsat m will be syn- 
chronous, spln-stablli&ed,andwillweig|iinexcess 
of 260-pounds. This satellite will derive power 
from solar cells and will enqplpy a mechanically 
despun, phased array antenna. 

The real growth in satellite communications 
iqn>&rent]y will come with these multiple access 
satellites which will permit many groimd stations 
to use the satellite simultaneously. Certatoly, 
increased requiremento and hi^r data rates 
per user will tax available satellite power and 
bandwidth ci^ilBibllities and lead to advanced de- 
signs for more multiple access satellites* 
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MIUTARY SYSTEMS 

Analysis the DOD has demonstrated that 
maintaining military conmiunication satellites 
for global ooverage may prove less oostly than 
maintaining long ground lines and submarine 
cables. While compatible commercial systems 
have been used the DOD when apprppriatei 
there are valid arguments for the existence of 
a separate military system. Important govern- 
ment messages should be carried independently 
of commercial traffic and should be immime 
from possiUe foreign intervention or control. 

After a niunber of tentative e^qperiments with 
communication satellites (such as Courier and 
Score) the military communications satellite 
program was revamped in 1962. Today, military 
emphasis is placed on three primary systems: 
the Synoom satellites, the Initial Defense gom- 
munioations figtellite project (IDCSP), and the 
Tactical Satellite Communication program 
(TACSATCOM). 





Actually, the IDCSP is an outgrowth of a 
medium altitude system which was to have 12 
to 28 satellites circling at 6,000 miles in an 
uncontrolled random polar orbit. The 97-i>ound 
satellites for the IDCSP are launched from Cape 
Kennedy in the nosecone of a TITAN lUrC. They 
ourrenUy constitute a part of a worldwide net- 
work that will ultimately consist of 19 to 27 sat- 
ellites spaced in near-synchrcmous equatorial 
orbits in the vidnity of 22,000 miles. In such a 
random arrangemetat the distances between sat^ 
ellltes constantly vary. Since these satellites 



are qot at synchronous altitude, they drift 
slowly across the view d bh Earth station 
at the rate of about 28 degrees per day. At 
this drift rate, an Earth station located at 
35 degrees latitude can view the same satel- 
lite for about four and me-half days. Orbital 
periods of the satellites will dtfter some- 
what causing the spacing between satellites to 
vary wltti time. The satellites will gradually 
drift past one another. However, orbital para- 
meters ' may be chosen so that the satellites 
viriil never bunch. 
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The IDCSP satelllfes are 8pin<-8t'abilized and 
operate at SHF (8 kilomegaHdrtz receive^ 17 
IdlomegaHertz transmit) using a freqiiency- 
translation repeater. The antenna has a 25 
degree look an^^e* whloh is sufCioient to 
spread the energy over about a third of the 
Earth's surface. Because of its staUlizatipn» 




a portion of the antenna beam will always be 
direoted toward Earth. However, since the 
antenna is omnidirectional around the spin- 
axis* a large portion of the energy is also 
radiated into space, IDCSP satellites are now 
operating with several successful multiple 
launches to date. 





Ot significant interest for military com- 
munications is the forthcoming Tactical Com- 
munications Satellite schedule to fly in 1968, 
This satellite, an outgrowth of earlier Lincoln 



E^qperimdntai Satellites, as shown in the 

illustration above, launched the Air Force, 

will be the first tri-service communications 
satellite. 
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The prototype 1b being built xmder direotlonof 
the Air Foroe, The large five-*element array for 
the taoUoal satellite oonslsts of UHF antennas » 
each nearly eig^t feet long, AddiUonallyi there 
are two microwave horns beneath the ultra high 
frequency antenna array and a Uconical horn at 
the extreme end for telemetry and command. The 



satellite will be spin*stabilized at synchronous 
altitude, A rather unique feature is that the solar 
panels will be rotatable while the antenna and 
inner structure will remain in a stabilized posi<* 
tion. The monopropellant reaction control system 
is being designed for an operatl<mal lifetime of 
five years. 




Because of satellite communication systems » 
wholly new command, oontrolt and usage cq>a- 
blllties for military and commercial communi- 
cations is in existenoe. A breaktfarouc^ has been 
macte into a new era oi quickly availflJble, world- 
wide communications. Communication satellites 



are now making a substantial contribution to 
our nation's abilily to cope with emergencies 
wherever they > occur. Space technology has 
brought our world even closer together as 
satellites transmit messages over the entire 
globe. > 
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METEOROLOGY SATELLITE 
\ OBSERVATIONS 

{ The launch of the first TIROS (Televleion 
\ Jpfra-Jled Observation Satellite) In April 1960 
i proved such a suooess and caused such enthu- 
\ slasm that, all interested iei^ncles thought it 
I advisable to have one National Metedrdogioal 
; System, and that satellite technology had ad- 
vanced to the point vtbere plans for such a system 
should be formulated. 

The startling di^^e cloud photographs from 
TIROS was the firststepto an operational satellite 
system. Yet in order to observe changes in doud 
formations more frequently, nighttime cloud pic- 
tures are also needed. The global coverage 
obtained hy orbiting several satellites would 
also prove valuable in measuring many other 
meteorological parameters. 



As guidelines to the specific data require- 
ments to be placed vipom the national system, 
three general obJeotlvBS have been identified for 
the program through the middle 1870*s; they 
are: 

(1) To develop, establish, and operate a 
meteorologioal sateUite system for periodic 
viendng of the atmosphere over the entire globe! 
regularly and reUably. This requirement in- 
cludes the routine ddly observation of the at- 
mosphere over the entire world an a ^bal 
basis both day andnig^t* Further, an Automatic 
Picture .^ansmission (APT) system lhould be 
included to provide the opporMuiity for properly 
equipped stations at any looatidn virithlh radio 
range of the sateUite to readout the weattier in 
near real-*time. . 

(2) To develop, establish» and operate a 
system d satellites lor otetinuoiis viewliig of 
worldwide weather features* Such a system ^11 
provide almost oontlnuous viewing of the atinds- 



lAiere over a large portion of the Earth, thus 
giving weather forecasters an opportunity to see 
Cloud and storm movements as they occur. 

(3) To develcyp, establish, and operate a sys- 
tem for sounding the atmosphere world-wide on 
a regular basis. The computer prediction sys- 
tems now established to forecast atmospheric 
changes require that much more quantitative 
data be used in numerical analysis and predic- 
tion. The addition of certain data from spectro- 
metrlc analysis of the atmosj^re and other 
advanced technique should provide the opportunity 
to meet this third objective for obtaining quanti- 
tative information. 

Recognizing that the requirements Implied 
by the preceding statement of general objectives 
canniot yet be achieved, the j^oipal agencies 
have agreed that interim operations should lead 
to those goals. Currently daytime oloudoteerva- 
tlons axie achieved globally, and the Automatic 
Picture Transmission system for direct readout 
has been included. A nighttime cqpahllity for 
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cloud observation is under development and a 
Hig^ Resolution Infrared Radiometer for night- 
time coverage will be added in 1968. 

By taking full advantage of the satellite for 
meteorological observations » many requirements 



in addition to those agr^^d upon in the interim 
operations . listed above can be satisfied. T his 
increasing role of satellite muteorol*^ was 
alluded to in the discussions of the second and 
third objectives of the program. 



NIMBUS 

Certainly such a large undertaking as the 
National Operational Meteorological Satellite 
System requires a thorough research and develop- 
ment program for support. This role has been 
given to the NIMBUS satellite program. Delays 
and increased costs in the NIMBUS program 
finally caused a redirection of the National 
Operational Meteorological Satellite Program 
in 1963, and the NIMBUS Satellite has become 
the development tool for testing future techniques 
and sensors for future programs. 

The first of the NIMBUS satellites was placed 
into orbit 28 August 1964. With NIMBUS I, the 
National Aeronautics and l^aoe Administration 
proved beyond esqpeotatlons that the NIMBUS 
concept of a research vehicle and storm tracker 
was valid. During its lifetime NIMBUS I sent 
back more than 27|000 day and ni|^t photogriq[>hs 
of weather phenomena around the Earth. 

On 23 September 1964, the lubrication in the 
solar panel drive of NIMBUS I failed and the 
solar panels looked. Without iMlequate power 
to recharge the battery, NIMBUS I ceased to 
function proper^. 




152 



Chapter 14 — SATELLITE OBSERVATIONS 




The secotid in the NIMBUS series was laiudhed 
in May 1966. This sateUite included a ;vf<?xiium 
Resolution Infrared Radiometer (MRIR) syBtem 
to measure etiitted inlrared and solar racUation 
for determJnln.^ the oharaoteristics of the Earth's 
atpiosphero* also Included a |Ii{^ Resohition 
lpfrared £fidiometer (HRIR) whioh oouid be read- 
out 1^ usln^ the Automatic Picture Transmission 
(APT) system at nig^t. The Advanced Yidicon 
Camera 9y$tem (A VGSj employed on NIMBUS I 
was also" carried or NIMBUS n^d p^dduoed 
many siioesi^ photographs similiar to the one 
of the Nile riv^r and Sinai jPenlnsula in the 
above photograph* Failure of the tape i^eoorders 
however, has re<£uoed the transmitted data 
from NIMBUS n to only the APT camera read- 
outs, 

NIMBUS B will carry two SNAP-19 tadio^ 
isotope tfaermoeloctric; generators which will 
augment the solar cell arr^y fo^ electric power. 
This system will produce 50 Wax^. u compared 
to 250 V/atts from solar cells. It sviU be flovvn 
primakrily for esqperimeht^l test pui'poses. ^ 

In iaddition to the new geki drator syritem, the 
NIMBUS B 8t)aoecraft Will i^in Hy the HRIR 
and MRIR iradiometer UyBtetm. Ejqperlments 
will be conducted to tidllebt data cMi thie i^ara 
ultraviolet, and visible iqic^otr 

the locations of woridWidb meteb 
plattormiEr Md retrieval of meteorologictVdiiita 
will be aooon^lioheid by th i teri^ogiiticm. Re* 
cording, and Lcntdon Systi \ This system will 



receive informatlcn from land and sea-based 
monitoring stations and relay it to data centers. 
Such a system could report timely meteorological 
conditions from areas previously inaocessibLe. 

NIMBUS Bi as part of its on-going test pro- 
gram! will eniploy a camera system citable of 
continuously providing daylight pictures of Earth's 
cloud cover. This ^^oontinuous motion" camera 
system will have a real-time readout ciqpability. 

Scheduled for 1970, NIMBUS D will carry 
even more advanced experiments in the visible, 
ultravicAet, and infrared regions, it will add 
readout infonnatt<^ from constant level balloons 
to the Interrogation^ Recording, and Location 
system. NIMBUS D will perfbrm addlttonal 
tLiA^B such as; determining the total amount 
mi vertical distribution of water vapor; de- 
termtaiing the total spatial and temperature dis- 
tribution of ozone in a vertical column; and 
measuring air temperatures from the ground 
(or cloudtQp) to an altitude of 30 miles with a 
vertical resohition of @ miles and a horizontal 
resolution of about 100 miles. 



T(« 

The TIROS Operational SateUite (TOS) system 
(an improvement on TIROS) has been in opera- 
tion since 15 March 1966 and satisfies Qeneral 
Objective #l exc^t for the nighttime observa- 
tion of cloud cover. ThUs system is composed 
of the spacecraft, ground installations, and the 
commui!)j.cations linking the ground installations 
together. Because oi its operational status, 
segments of th6 '{T0S system will be described 
in detail. ^ 

Spacecraft of tt*^ TOS system are basically 
descendants of the^ original TIROS with cameras 
from the Nil /iljid Research and Development 
prc^am. Imxiroved attitude control has been 
provided to the q[)aceoraft whidh is a hatbox- 
shq)ed, 18-biied polygon that is 22-inches hi^ 
and 42-lnChefi in diameter. Solar cells convert 
flolar energy to electrical energy to keep 63 
nickel-cadmium batteries charged. Protruding 
from the top of the spacecraft is an 18-inch re- 
f '^ivuig antenna. FCnir 22-incb transmitting an- 
tennas extend ffom the baseplate. 

All of the above features andmanyof the elec- 
tronics are common to botb the Automatic Pic- 
ti^ Transmission (APT) spacecraft and the 
i|flvanoed itidicon Camera System (AVCS). 
The AVCS pictures are stored on magnetto 
recording tape for transmission later to ground 
stations. 
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With the TOS system in full operatiODi two 
spacecraft! one with Automatic Picture Trans- 
mission cfi4;>ability and one with picture storage 
cq;>abilityi will be in orbit at all times. Once 
the satellites are in orbit, they are referred to 
as Environmental Survey Satellites (ESSA), The 
even numbered ESSA sateUites have been direct 
readout APT satelliteSi and the odd numbered 



satellites are picture storage satellites with the 
AVCSt 

In addition to cameras, the AVCS type space- 
craft has radiation sensors which are designed 
to obtain measurements of the global distribu- 
tion of solar radiation reflected Toy the Earth 
and its atmosphere, and of the long-wave radiant 
energy emitted Xxy the Earth, 



A very important feature of the TOS Q>ace- 
craft is the ability to control the spin rate and 
the orientation of the spin axis. This is accom- 
plished 1^ means of large wire coils wrqqp^d 
inside the spacecraft. When current is sent 
through a given coil, the magnetic field thus 
created ineracts with the Earth's magnetic field 
to give a torquing force. This force can increase 
or decrease the satellite spin rate or turn the 
orientation of the spin axis, depending on the 
coil used. This feature eliminates the need for 
on-board fuel or gases that many other space- 
craft require for stabilization and spin iqp. After 
launch, this feature is used to orient the spin 
axis perpendicular to the plane of the orbit. 



Essentially, the satellite rolls like a wheel along 
its orbit. With the cameras mounted perpen- 
dicular to the spin axis (looking out the rim), tfaey 
point directly toward the Earth once eaohspin. 
Horizon sensors trigger the shutter atsuchtimes. 
providing Earth-oriented pictures from a spin 
stabilized spacecraft. This rolling cartv^el 
type orbit permits greater coverage of the Earth's 
surface than that of the spaoe-oriented basic 
TIROS, .The initial spaoe-oriented TIROS could 
look at the Earth only about 20% of the time, 
while the ESSA satellites of the current TOS 
system give up to 60% coverage. 

Ground installationB of the TOS system con- 
sist of two£ommand and Data ^oquisitioA (CD A) 
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Stations, tbe National Environmental Satellite 
Center operations oomplex, and APT readout 
stations. 

The CDA Stations are looated at Gilmore 
Creeki Alaska* and at Wallops Island, Virginia. 
Eaoh of them has a directional 85 foot diameter 
antenna and equipment for commanding the space- 
craft, receiving beacon, APT aqd AVCS signals 
from the spacecraft, and for recording and txans- 
mittlng those signals. Antenna pointing informa- 
tion and all spacecraft commands are provided 
to the CDA stations the operations complex. 
Because of its geographical location in higher 
latitudes, the Alaskan CDA can contact a TOS 
spacecraft daily on each of about two-thirds of its 
orbits. Because of this extensive contact capa- 
bility, Gilmore Creek is the primary CDA station 
and Wallops Island is the secondary. 

The National Environmental Satellite Centior 
Operations Complex, Suitland; Maryland, does all 
of the satellite control oomputationB and data 
processing functions. 

The TOS Operations Center at Suitland pro- 
vides detailed control of the day^ght operation 
of the CDA stations and the spacecraft. From 
counter processed information, this center 
provides antenna look angles, spacecraft com- 
mands, and time schedules for spacecraft inter- 



IMPBOVEDTOS 

The Improved TOS will be the third genera- 
tion spacecraft following TIRQS and TOS. This, 
new generation of spacecraft will give direct 
real-time readouts, as weill as stored datiBi read- 
outs of daytime olbiid pictures from a single 
satellite, rather than employ two separate satel- 
lites as does the present TOS system usii^ m 
APT and AVCS sateUite; In addition. Improved 
TOS will provide nighttime cloud cover mapping 
oiqpabilities and have a growth capability to per- 
mit easy add-ons of new or improved sensory 
packages as they become available for operational 
'use. 

The first satellite to be launched in the im- 
proved TOS series is the TIROS M. It is to be 
launched into a near-poiari^ 750 nautical mile 
orbit ly a Delta launch vehicle. It will employ 
proven system hardware and utlUze existing 
TOS ground station equipnient with a minf yw^^ ift 
of modifioatiohs. 



rogations. The engineering status of all ground 
and space equipment is maintained. Spacecraft 
engineering status telemetry is received and 
analyzed in realtime. Computations for space- 
craft attitude and spin rate changes and sub- 
systems interconnection changes are made and 
converted to spacecraft commands. The Opera- 
tion Center controls the TOS ground communica- 
tions network. 

The Data Analysis and Processing facilities 
at Suitland receive the sensor data from the 
CDA stations and converts them into usable 
products - pictures, grids, mosaics, and tape 
messages. These products are analyzed for 
meteorolqsioal content. Facsimile, teletype 
messages (coded, and clear text) containing 
cloud analyses are prepared for wide distribution. 

Exclusive, conununioation links are provided 
for the operation a tne TOS system. Wideband 
links connect the two CDA stations and the op- 
erations center complex. These links contain 
seven 3 khz bands and one 17 khz band. The 
narrow bands are used for voice, teletype, and 
telemetry data traffic. The wide centei^ band 
carries video data. At Offutt Air Force Base, 
the Air Force Global Weather Central is con- 
nected with the TOS communications network 
and can receive all meteorolcqsical satellite 
di^ simultaneously with the Operation Center. 



SYNCHRONOUS OPERATIONAL 
^ METEOROLOGICAL SATELLITE SYSTEM 

A Synchronous Operational Meteorologioal 
Satellite (SOMS) system will provTde fixed con- 
tinuous observation of the atmosphere from 
satellites. The current ESSA satellites in near- 
polar orbits at 750 nautical mile altitude can 
view specific localities in far polar regions 
as often as every pass (at 113-mlnute intervals) 
but in middle and low latitudes, viewings are re- 
stricted to once or twice a day. The synchronous 
satellite in an equatorial orbit at about 22,300 
n^iles altitude will remain fixed over a position 
oh the equator. Cameras on the synchronous 
satellite will provide the means for continuously 
observing the full life cycle of weather distur- 
bances, vAiioh can undergo signlfioant changes 
during periods much shorter than one day. The 
synchronous satellite, viewing from directly over 
the equator, is especially well suited for following 
devastating hurricanes and storms in tropical 
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regions. The satellite oan view and traokstornis 
up to 52»5* North and South latitudeSi whiohis the 
maximum reasonable viewing angle for equatorial 
synchronous satellites. 

One possible approach to a SOMS system 
would use the spin-stabilized satellite already 
suooessfuUy proven in the SYNCOM program. 

The primary sensor will be a spin-scan cloud 
camera which was test flown on the Applications 
Technology Satellite-I (ATS-I)» launched in 
December 1966. A SOMS system will provide 
pictures as frequently as every twenty-minutes 
during daylight hours. Ground resolution of the 
pictures will be on the order of two to three miles* 
Provisions will be made either to transmit 
direotlyi or store and transmit these pictures 
in a form compatible with low^oost ground stations 
similar to the APT stations presently used in 
conjunction with the ESSA satellites. 

A SOMS may also carry conmiunioajtions relay 
equipment as required to transmit meteordogioal 
data between worldi reg(ional| and national mete- 
orological data between world, regional* and 
national meteorological centers. This will include 
data. Jinks with facsimile capability to allow at 
least a two^ay transmission of data between 
two stations* Any number of additional stations 
oan listen simultaneous^ with simple Inex- 
pensive ground equipment. Additional o^>ability 
may also be Incorporated to permit ooUeotion 
• of data from automatio meteoirologioal stations 
in remote areas or from balloons and buoys. 

Two synchronous satellites on the equator 
with one placed at 50^ West and the other at 
150® West longitude would permit, observation 



of the Atlantic and Pacific Ocean basins and a 
major portion of the Americas. They would 
be controlled from a single Conamand and Data 
Acquisition station located in the south central 
United States. In additioui the deployment of 
SOMS at these Icmgitudes would permit mete- 
ordogioal data transfer between two world cen- 
ters (Washington and Melbourne)* six or seven 
regional centers* and up to about 55 national 
centers* 

Further stucfy and development may result 
in a slightly different 4q[xroach in some respects 
than that discussed here for SOMS. 

NAVAL APPLICATIONS 

By now, it is apparent that our nation intends 
to use the unique capabilities of satellites for 
meteorologioal purposes. It should also be 
appaxeai to the seagoing sailor that their use oan 
be an asset to him. 

Naval Fleet Commanders hiave always been 
plagued with inadequate weather reconnaissance 
siqyport. This scarcity of data has been par- 
tially due to insuffioient observation stati(»s 
and partially to difficulties in collecting, ana- 
lyzing, and forwarding the information to inter- 
ested areas. The Navy hsLS attempted to alleviate 
this problem by numerous means of improved 
technology. Ilie meteorologioal satellite is 
proving itself to be a solution to many of the 
problems that face the fleet commander. In- 
formation oonoeming weather phenomena in 
remote areas is muoh more readily available 
now than it has been at any time in the past. 




156 



Chapter 14— SATELLITE OBSERVATIONS 



■ mmm 



.The Bt^l^ikl AutQxnatio Ploture Transmls- 
Biqn' system readout equipment, shown in the 
aocpmpanying illustration/ has been modified 
and repackaged for use aboard Navy ships 1^ 
the Naval Eleotronios Laboratory, San Diego, 
Callfomiae The system vliloh will be qpera(£ig 
on new airoraft oarriers by the end of 1967, is 
referred to as the AN/SMQ-(S Shipboard Mete- 
orologioalSatellite.Readout Station* As installed 
aboard {lavy ships the system includes the 
antenna, receiver, magnetio tape recorder, fac- 
simile recorder, demodulator, and the associated 
controls for these components* 

This fleet-oompatiUe system receives the 
ESSA satellite signals in a real time programmed 
basis consistent with the orbital track informa- 
tion» The satellite-borne equipment consists of a 



oontrolled shutter, a 1-inoh diameter storage 
vidicon with 800-line TV resolution, vldicon elec- 
tronics, video circuitry, modulator, and 137.5 
megahertz, 5 Watt FM transmitter. The storage 
vidicon permits a nominal 200-seoond frame 
scan time. At a 750 mile altitude, each picture 
covers 1700 by 1700 NM, with a 30% overlap. 
The time required for the camera to take the 
picture and to readout completely is 208 seconds. 

The APT readout station consists of three 
basic components: antenna, equipment console, 
and display recorder. Various types of antennae 
have been utilized, such as an 8-tum helix, a 
flat dish and a cone. The equipment console 
includes the FM receiver, which is equipped 
with both aural and visual means of determining 
the presence and condition of input signals, and 
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a tnpe recorder. The display/recorder forms 
an 800-line picture using ten shades of gray 
varying from Uack to white. 

Naval operations are influenced greatly 1^ 
the weather. A reliable satellite system which 
will provide real-time readout of cloud cover 



will greatly enhance the decision making of com- 
manders afloat and In the field. With such a 
system, day-to-day (derations as air strikes* 
in-flight refueling! replenishment at sea» and 
ASW operations can be planned and carried out 
with weather as a friendi not as a foe. 




Operational Aspects 



The acconq[dishment8 of meterologcical sat- 
ellites indicate other possible applications of 
observation platforms operating in the environ- 
ment of space. Ddpk)yment of near-Earth sat- 
ellites for maintaining Earth surveillance rep- 
resents a new and important consideration for 
any nation seeking to prevent surprise attack 
in military maneuvers. Indeedi the military 
advantages that accrue from proper reconnais- 
sance and surveillance are interwoven throuj^- 
out the history of warfare. 

From the time man first began fighting for 
control of the seaSi ooean reconnaissance and 
surveillance have been major problems. The 
questions . . What^s out there? • • . Where is 
it? • . • and . . « What is it doing? . . . have 



caused naval conunanders many sleepless nights. 
Finding answers to these questions in an active 
situation imposes an extremely difficult task on 
available <9erational forces which, ideally, should 
be free for offensive action. 

The Navy*s ability for effective offensive and 
defensive actions can be;tremendously influenced 
1^ data supplied from orbiting surveillance sat- 
ellites. Such data pertaining to enemy ship move- 
ments, as obtained hf satellites soanidng the 
oceans of the world, could assist a fleet command- 
er in the strategic and tactical plaoementof forces 
and in the plaiming of offensive strikes. At-sea 
operations could be conducted while simulta- 
neously monitoring enemy activity both on land 
and at sea. Such knowle(%e of impending enemy 
operations would provide the tactical commander 
with significant information upon ii^oh to make 
Intelligent battle decisions. 
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>: However I the reverse side of the coin is Just 
i as important to our Navy. The employment of 
satellite observation technology an enemy 
, could force naval commanders to adjust their 
r military taotios to meet the challenge of an in- 
I formed opposition. Such an enemy mlg^t mon- 
; iter our naval operations thus reducing the 
; effectiveness of any fleet maneuver. Normal 
; fleet activity would then be under dose enemy 
: scrutiny. Action could not be conducted with- 
i out the distinct probability that the enemy was 
; awate of certain operations. Any naval forces 
planning to perform exercises under these cir- 
cumstances would be well advised to adjust 
tactics and defenses for this impact of space 
technology. Naval commanders must, therefore, 
I be prepared to carry out their assignments as 
I well as to protect their crews while maneuvering 
within enemy visibility. 

Tedmologioal Aspects 

The operational aspects of Earth surveil- 
I lance systems are not the only areas that deserve 



attention in this brief discussion of observation 
platforms. Consideration must also be given to 
the developinent of special sensors which are 
necessary for satellite observation systems. An 
electro«optioal television sensor, or even a jbo^ 
tographic sensor, similar to those discussed for 
meteorological satellites, may be adapted for 
observation of objects other than cloud cover. 
However, limitations inherent in all optical sen- 
sors reduce their effectiveness for military 
surveillance. Clouds and darkness preclude full- 
time coverage hy such optical sensors. There- 
fore, other sensors must be developed if total 
world coverage a.t all times is a desired goal. 

In order to provide such coverage contin- 
uous all-weather surveillance, sensors are being 
developed which operate on principles of radar 
and infra-red radiation. The progress obtained 
from continuing technological research will deter- 
mine the advantages of each sensor type. Indeed, 
a future observation platform mi^t consist of 
several sensor units, each of which supplies 
information to assist fleet commanders in eval- 
uating a special situation. 




Present Status 



At this point we must recognise that other 
ground-supported surveillance systems presently 
exist. The satellite method disoussed here re- 



preseihts only (me aspect of the overall integrated 
surveillance program. Satellite inputs oould be 
integrated with other existing sensor networks to 
provide complete tactical information to fleet 
personnel. Such a complete ooean surveillance 
network will also employ sensors uniquely suit- 
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ed for reporting of ocean oontacts. Today, apace 
technology may well provide fleet commandera 
with a new method for conducting more effective 
naval operations. This useofepaoeahouldpresent 
the naval commandere with considerable impetus 
to contemplate new naval strategy, Enen^ use 



of space technology in surveillance will force 
radical changes in traditional warfare techniques. 
Our Navy is aware of this ramification and is 
pursuing, through technical and operational stud- 
ies, a systematic approach for an answer to the 
'*SpyintfaeSky««. 
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MEASUREMENTS FROM SPACE 




QBODETIC SATELLITES 
General 

GeodeBy is tlie soienoe concerned witb deter- 
mining the size and shape of the Earth, It in- 
cludes not only the mapping of the relative 
positions of land objects but also their variations 
in terrestrial gravity. Mapping has been a 
problem of practical interest from the time man 
first traveled from one place to anotheri or felt 
the need to describe boundaries exactly. Such 
problems have usually been solved throu^map- 
ping by surveying methods. 




The earliest methods of surveying provided 
the users with only the barest information» such 
as *<y is two ds^ walk from x,** Mapping methods 
have evolved principally l|y improvements in the 
teohnlque of surveying known as triangulation 
and trilatoration . The accuracy in such techniques 
ilB limited only by the accuraoy of the measuring 
^■ devices usedt and Ihe detailed knowledge of the 
Pi^Buxfaoe plane or arc (the datum) to which the 
yiineasurements are referred, 

is the most widely used\tech- 
p^iinlque for surveying areas. This method cqpsists 
iB^ testablishiii^ a straight line base between two 
^l^ po^ accurately observing a third distant 



^ polntlrdm each of the end points of the base line, 
:^By measuring tii^ angles formedi 

enbufl^ information is obtained to calculate the 
leiogth of the other For 
more precise measurement of distances » instru- 
ments are plaoed at all three points of a triangle 
coverhig the survey area; This is a more dif- 
ficult but muoh more accurate process. 
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Flare Trlangidatioii is a technique forsur- 

i OMtl 



veylng wHen obetaoles or dlstaQoes preclude 
direct observation of the third point of the tri- 
angle. In order to survey such an areat usually 
2 distinct reference objects (flares or other ele- 
vated objects) are observed simultaneously from 
three or more separated points. By measure- 
ment of both elevation an^e and the azimuth 
direction angle at each observation point, the 
separation distances between the observation 
points can be calculated. 

^centiyi long range radar has been used to 
obtain accurate nieasurements of distances be- 



tween radar stations. In the process of Trl- 
lateratlon , the lengths of all sides of a triangle 
are measured repeatedly and very accurately. 
Lines as long as 500 miles can be measured 
relatively quickly, and surveys can be extended 
over vast areas in a short period of time. 

Through such accurate surveying and map- 
ping, man's understanding of the size and shape 
of his enviroimient has changed from the^^flat''- 
Earth concept predominant before the sixteenth 
century, to our present knowledge that Earth is 
spheroidal with small but significant irresu- 
larities. 
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Today* the major portions of the United States 
have been surveyed and mapped to a high degree 
of acouraoy. The hreadth of the country is strad* 
died by triangulation nets which have been mea* 
sured several times to an aocuracy of 
^[yproxlmately 50 feet* 

In addition to this network» a reference point 
for relating measurements has also been 
established. This reference is called the 
North American Datum. This datum is the 
reference used within the Americas to map 
adjacent ocean areas and measure distances to 
other continents. Although the accuracy of these 
interc<mtinental ties is adequate for most navi- 
gational purposes I overall accuracy is relatively 
poor when compared to land triangulation nets* 

Other countries have surveyed and mapped 
their lands to satisfy their national needs. It 
might appear therefore that all which would be 
necessary for a complete and accurate jnodel 
of the world would be to Join the many niational 
surveys Xjty intercontinental ties* Minor errors 
in these ties might then be reconciled through 
our astronomical knowledge of the Earth. 

Regretfully, this is not the case. National 
surveys use different datums, or reference arc8» 
chosen convenience to represent only that 
section of the Earth upon which the survey is 
made. If the Earth were a true spherci jthese 
reference arcs would match perfectiy and geo- 
metric integration of national surveys would 
pose no problem* Howeveri because our Earth 
is not a perfect qphere, each reference arc is 
of different curvature; foi^ example, the Earth 
based upon the Tol^o Datum is quite a different 
shape than ttiat upon the North American Datum. 




Reconciliation of these datum arcs to a single 
reference point is a complex problem with many 
military implications. For example, the ballistic 
missile is a weapon equable of spanning the 
distance between the major land masses of the 
earth in a very few minutes* However, beneath 
its loffy trajectory, the Earth still presents 
many geodetic problems yMoh^ if left unsolved, 
will diminish the effectiveness of the weapons 
and ci mobile launch systems. 




These problems exist today because less 
is known about the Earth, in some respects, 
than is known about many of the celestial bodies. 
For example, throiqgh the science of spectroscopy, 
astrophysicists can give an excellent description 
of the chemical compositi<m of the sun; by cm- 
trast, little is known about the internal consti- 
tution of the Earth. Let us consider some 
problems affecting a ballistic missile racing 
toward a distant target. The problems presented 
to Earth are of two kinds: geometrical and geo- 
physical* 
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Geometrical 

This area of geodesy concerns the size and 
shape of the earth, the accuracy of interconti- 
nental survey ties between the land masses 
of Earth» and the position of the launch site 
and the target with respect to the survey 
datum of the land mass upon which each 
is located. 

Determinations of the size and shape of the 
Earth have been research problems for man 



throughout the centuries. Until recentlyi how- 
ever, geodesists have been serious^ hampered 
by the tools with which th^ have had to work. 
Today, satellites are used as scientific tools to 
fill many voids in our knowledge of the Earth. 
They provide information to help determine 
survey ties between the several land masses 
of the Earth and the positions of many remote 
islands, which have been recently subject to 
errors varying from a few hundred feet to 
several thousand feet. 



Intercontinental survey ties are made 1^ a 
variety of methods including c^tical. electronic, 
and celestial techniques. The optical method 
is limited to line-of-si^t ranges between two 
land masses, or observation of a oonmion object, 
such as a flare, from points on two separated 
land masses. This technique has been used for 
performing the ties between Ene^and and the 
Continent. Electronic devices such as SHORAN 
(Short Range Navigation) and HIRAN (Hi^ Pre- 
cision SHORAN) have accon^lished ties across 
the Mediterranean Sea between AfricaandEur(q[>e 
and. by leapfrogging from Norway to Scotland to 
the Faroes to Iceland to Greenland and thence 
to Canada, have completed the ^tie between Europe 
and North America. 
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SOLAR ECLIPSE 



O 
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MOON CAMBBA 



SATELLITE 



/ 



Other broad e>q;>an8e8 of water poasesis no 
Buoh oonvenlent stepping atones. To aooompliab 
intercontinental ties over long distahoea, astro- 
nomical methods using solar eolipse8» star oo-* 
oultationSi moon oameraSi and even satellites 



can be employed. All of these utiUze the geo- 
metrical relationships existing between observa- 
tion stations on the land masses and a celestial 
bodyi which in the case of the satellitei is a 
man-made one. 



Finallyi from the ballistic missile stanti^inti 
the horizontal and vertical position of the launch 
pad must be known with respect to the survey 
datum of the land mass iqx>n y^dtt it is located. 
Of course, similar position information is re- 
quired for the target. Target information is 
more difficult to obtain since the target is seldom 
located in friendly territory! Intelligence 
sources, rather than survey parties must fur- 
nish such information. 
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Geophysical 

This area of geodesy concerns the gravity 
field of the Earth, the physical force which 
links a missile or satellite to the Earth, . 

All changes in the direction and intensity 
of the Eartb's gravity field from point to p<^t 
influence the trajectory of the missile. Gravity 
on the Earth's surface is made up of three 
elements; (1) mass attraction, (2) inertial effect 
of the Earth's rotation, and (3) variation in 
composition of the Earth, The first two are 
classical and vary in a regular mathematical 
manner yMl^ the third varies in an irregular 
manner. 

The first of these elements is the attraction 
between the mass of the Earth and a mass sit- 
uated on its surface, Lotus assumefor a moment 
that we stop the Earth's rotation. Gravity then 
merely follows Newton's universal law of gravi- 
tation, that is, the force of attraction varies 
direcUy as the product of the masses and in- 
versely as the square of the separation distance 




of their mass centers. It follows, since the 
polar radius is shorter thanthe equatorial radius, 
that surface gravity is greater at the pole than 
at the equator. 



Next, allowing the Earth to spin again on its 
axis, we can see that the inertial effect on objects 
at the surface due to the Earth's rptation gives, 
an outward component of acceleration perpendi- 
cular to the axis of rotation. In this respect it 
may be said that the inertial effect of rotation 
is anti-gravity. 

The greatest centrifugal effect is at the 
equator because this is the position of greatest 
rotational velocity. There is no effect at jOie 
pole since the pole is on the axis of rotation. 
Between the equator and the pole, inertial ef- 
fects vary in a regular mathematical manner. 
This is to 81^ that the inertial effect anywhere 
on the Earth's surface varies as a function of 
the latitude. Considering these two regular 
variations of gravity, there is a difference of 
one part in 200 between pole and equator, A man 
weii^iing 200 pounds at the pole would weig^ 199 
pounds if transported to the equator. 

There is, however, a third disturbing factor 
which complicates the problem. The Earth is 
not homogeneous: its mass is not uniformly oc 
evenly distributed. Its crust is thick in places 
and thin in others. The thickness varies between 
about 3,7 and 37 miles, with an average of about 
22 miles. One esqplanation for the. variation in 
orustal thickness is the * ^roots-of-the-mountains 
theory", , , the theory of isostacy. 
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This theory of isocitaoy postulates that the 
crust floats in a sea of dense magma which is 
probably in a plastic stati>. Icebergs floating in 
the sea provide an exof^ilent aiatogjs From 
e>q;)erienoe one knows if an iceberg has a large 
mass above the waterlir^^ it nmt have a much 
larger mass below the ^*atdrline to provide suf- 
ficient buoyanoy. So it mig)at be with the Earth's 
crusU A large mountain mass will sink deeply 
into the magma until it flii^ enough buoyanoy to 
siqiport itself. This depression into the magma 
is called a mountain root. A smaller rnountain 
will have a smaller ryot. An ocean busin or 
ocean trench will produce what is known as an 
anti-root. Using tfa5s. models consider tho flight 
path of a ballistic missile frx alowcrbit satellite. 
During a fli{^t the vehicle will esqperienoe vari- 
ations in gravity due to various land masses which 
differ in density. These may range from water 
to granitBi which is 2 1/2 timos as dense as 
water» or to mountain ores about three timns as 
dense. At every point in the path the vehicle is 
subjected to gravity of varying intensity. 

Furthermore we must not only consider a 
change in gravity intensity but also a change in the 
direction of the local gravity vector. If a mass 
were suspended in the vicinity of a large moun- 
taini it would be deflected toward the mountain 
away from the vertical. This change would be 
due to the proximity and high density of the 
mountain on one side and the presence of lower 
density water on the other. The maximum 




amount of this deflection at the Earth's surface 
is about eighty-five seconds of arc. This is not 
always negligible. For flights of 5*000 miles 
range these variations can introduce a built-in 
error of a mile or more even if the precise loca- 
tions of launch site and the target are known. 




Let us summarize the problems, both geo- 
metrical and geophysical^ of a ballistic missile. 
Basically! the size and shape of the Earth must 
be known. Then ralative positions of the two 
land masses containing the launch site and the 
target must be known. AdditiouaUy» the specific 
locations of launch site and target must be 
identified with respect to the land mass upon 
which each is located. Furthermore, any de- 
flection of the local vertical at the launch pad 
must be known so that the inertial guidance 
system can be oriented with respect to the true 
vertical and not to the local vertical. And 
finally, throughout the entire flight, ftom pad to 
impact, the varying intensity and direction of 
gravity must be known for the altitude of the 
missile. 
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Although a missile at apogee is hundreds 
of miles above the surface, and shows in a tele- 
soope only as a bright speok traveling at very 
hig^ velooity, it is still linked by physical laws 
to the Earth, A mlssileer, if he is to hit his 
target, must not only know his weiqpon, but must 
also have superb maps and a thorough imd^r- 
standing of the gravitational field of Earth, 

Satellites provide excellent tools to aid geo-* 
desists. Satellite orbits are governed almost 
entirely the distribution of masses within 
the Earth. Modem tracking methods permit 
satellite orbital parameters to be determined 
with the utmost precision. By observing per- 
turbations in satellite orbits and working back- 
wards with this information, mass distributions 
can be accurately determined. As an additional 
geodetic technique, near-earth orbithig satellites 
tracked by dpppler are in operation and provide 
site position to a high degree of accuracy. These 
same satellites orbiting at high altitudes provide 
orbiting reference points which can be observed 
simultaneously from widely separated points 
on the Earth's surface. With satellite aid, tri- 



Program Status (June 1967) 

Recognizing the critical importance of geo- 
detic problems to the military services, the 
Army, Navy and Air Force are conducting a 
tri-service geodetic satellite program under 
the sponsorship of the Defense Intelligence 
Agency. The Navy Satellite GeoplQrsics Project, 
sponsored hy the Oceanographer of the Navy, 
supports the Defense Intelligence Agency's re- 
quirements for miq^dng, chartixig and geodesy 
and 'also supports the National Geodetic Satellite 
Program managed by NASA. The original geo- 
detic satellite program was called ANNA, an 
acronym for the sponsors— Army, Navy, NASA, 
and Air Force. This program was under the 
management of the Navy until 1963 when the 
responsibility for a National Geodetic Satellite 
Program was assigned to NASA, 

The original program called for a series of 
five satellite launches into orbits varying from 
circular to hig^ elliptioal and at different in- 
clinations. The first satellite to be successful^ 
orbited was the ANNA-IB which was placed in 
a 600-mile circular orbit with a 50^ inclination 
on 31 October 1962, Because of its relative 
success and e3q)ected program changes, further 
fUg^ts of this type were not conducted. ANNA IB 
was e test bed vehicle designed to provide com- 







/ 
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angulation and ranging observations and modem 
data processing techniques permit precise loca- 
tion of points in remote areas to a degree never 
before attainable. 




parison of three different measurement systems 
for making high precision geodetic measure- 
ments. The three systems were (1) optical, (2) 
doppler shift of radio signals, and (3) radio 
ranging. The basic equipment on board the 
satellite included a flashing beacon provided 
iQr the Air Force, a SECQfi transponder provided 
by the Army, and a doppler type transmitter 
provided ly the Navy. The flashing beacon used 
two sets of Xenon flash tubes designed toproduce 
a series of five light flashes several times a day. 
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TRANSPONDER 
PACKAGE 



The light flashes were photogrqdied against a 
background of stars vdth Schmidt and PC-1000 
telescopic cameras for trianguladon purposes. 
The SECOR transponder (SECOR stands for 
sequential collation of range) was designed for 
Interrogation on six or seven passes a day to 
provide very accurate ranging for trilateration. 
The Navy's doppler equipment was essentially 
the standard package carried aboard its naviga- 
tion satellites. 

The ANNA IB satellite encountered power 
supply problems almost vimmediately» so that 
its systems were oidy partiially effective. None- 
theless, ANNA IB^^^ a usefiil life time of well 
over a year. During this time tradldng stationis 
at ftf^seven jdUtterent locaticms mfl^ gieiodettc 
meaj9uremehts. Desidte its sbortoomii^ 
test' bed satellite provided' a great deal of in- 



formation. It is reported that ANNA IB, along 
with tbe Navy's Navigation satellites, provided 
eighty percent of the geodetic information nec- 
essary for the Navy's successful navigation 
satellites. 

In addition to the power siq^Ply difficulties 
of ANNA IB, direct comparison^ of the different 
measurement techniques proved' extremely dif- 
ficult because there was no long base reference 
line on the Earth's sxirface surveyed to the. 
necessary precision. This has iBUbsequently 
been remedied Igr a special Coast and.Geodetio 
ISurvey; A thousand-kilometer range in the 
Southeastern United States has been surveyed 
to an accuracy of one part in a million. Cmly 
with such a calltoated range can various mea- 
efuremiant tedmiques be rigorous^ compared 
fdr aoourapy* v ^ 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 




Any satellite which can be tracked can be; 
used In the deodetlc program; For example, 
the United Statea has received iiseful geodetic 
Information from examining the orbits of the 
Vanguard and 3ynoom Satellites, which were 
not primarily Intended for geodetic Aise, 

Additionally, navigation sieitellltes have been 
employed for geodetic purposes. The Naval 
Weapons Laboratory has reported refinement 
of the location ci fourteen remote islands in the 
South Pacific to an accuracy of 25 ineters, using 
ANNA IB and several of the ha;<^ij|^ 
Of an : additional : one-hundred V sites .pbsitioned 
by the Naval .Weap<i»A^ 

have been positioned to an acbturaoy cf ISmeters, 

A listing ' of . Geodetic S 
and : the , stidtus of ;f the :p^^^ 
accbnvaiQ^ flguro.^ !i9hould note that (1) 
S£&£ffi :lB:^primarUy ^ u^ 
Service, md^^^^C^^^^^^ ^ 
launched ih^^^ 

carry tiie faixiiUar dciqpte^^ 



tion ttie Beaim Es^lorer SatelUtes carry special 
reflectors deisignedtpjest the use of laser beams 
for traddng^and ranging. 

On November 6, 1965 the first in a series 
of heavily instrumented OEOS satellites was 
orbited. These satellites will again compare 
different measurement teohnlques^thls time 
against a precisely calibrated baseline. The 
QEOS satellites carry powerful flashing lights 
and a variety of electronic beacons; namely, a 
doppler transmitter, a SECOR transponder, 
laser reflectors, and when conditions permit, 
radar reflectors and radar beacons, GEOS B 
is to be launched early In 19iB8, 

On June 24, 1966 a lars^' reflecti^ balloon 
type satellite was placed at anr altitude ot 2300 
miles in a circular polar orbit, . This is the 
PAGEOS (pasj9ive geodetic Earth orbiting satel- 
lite), ^ Itiprovidesa reflepttng;^^ which 
scientists hope to \ use over . the next five years 
to;;d6te,rznine;the pr(9ci^ location of land masses 
and^their relattonsh^ to cMb other;;^ 
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At tbis Ume the world is girded an inte- 
grated network of over forty tracking stationSi 
some 2|500 to 2|800 miles apart. These stations 
j are using triangulation methods, including dop<- 
j pier methodSi to position all points on the Earth. 
! Special measurements are also made worldwide 
j to improve our understanding of the Earth's 
gravitational field. 

The major immediate goals of the Geodetic 
Satellite Program are, as a minimum, the loca- 
tion of all major geodetic systems in oonmion 
geocentric coordinates to an accuracy of 10 
meters, and a description of the structure of the 
Earth's gravitational field to an accuracy of 
five parts in one hundred million. 

The Department of Defense is participating 
with NASA in the NaUonal Geodetic Satellite 
Program as a follow-on to the ANNA program. 



It is of immense importance to the Defense 
Department and the scientific community of the 
world. 



J 



NAVIGATION SATELUTES 
General 

Navigation Is essentially the soienqe ofsteer- 
ing ships or aircraft from place to plaoe. This 
rather bri^_ description might be e3q;>anded 1^ 
saying that, ^in general^ navigation consists of 
defining the route, guiding a oraft along thiat 
route, and cheickliig its position from time to 
time to deterniine pzoipfessV^^^^^^^^^^^^:: 
/ Thie state-of-4he-art of na^ 
veloped slowly thrbug^iout bisto^^ It is inter- 



^ eittiigi'}^ to the 

AlexmdHw Qir^^ was not until the 

advent of the magpietlc compass around 1180, 
that the ccmstrudUon of an accurate sea chart 
!became possible. Gradually, navigation has 
been improved by the use of nautical almanacs 
for locating stars, with iaetter instruments such 
as the sextant, and accurate timing devices known 
as marine chronometers. Yet, sailors of Just 
yesterday would certainly be impressed with 
todi^'s navigational aocuraoy qradned new 
electronip systems based upon novel uses of 
basic prinoiples; 
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Today* one such new system— the Navy's 
Navigation Satellite ^stenii is providing hig^ 
acourate position locations to speoially equipped 
ships anywhere in the worldi day or nij^ti in 
any kind of weather. 




Doppler Principle proadhes, the "received frequency will be hig^r 

than the transmitted frequency but it will de- 
The Navy's Navigation Satellite System is crease rqiidly as it passes through the closest 
based upon a well-known phenomenon of wave 'point of ^^proaoht where (because instantaneously 
motion, the Doppler principle; A wave signal ^ there is zero relative motion) the received ire- 
transmitted ly bl source which is undergoing qi;iency will, be the same as the transmitted f re- 
motion relative to a receiver will be received quency. As the satellite recedes from the 
with a ^^Dqppler Shift'' in frequency as a result observeri the received signal continues to de- 
of this relative motion. SpeoifiCQlly, as asatel- crease in frequency to below the transmitted 
lite transmitting a constat radio signal ap^ frequenqy (a negative. Doppler Shift). 
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An anologous situation is the change in pitch 
of a whistle from a passing locomotive as re- 
ceived by a stationary l^stander. This phe- 
nomenon is due to a compression and e^qpansion 
of wavelengths caused Ijy the relative velocity 
of the passing transmitter. The exact anl^t 
of this Dcppler Shift in frequency depends^on 
the relative motion of the transmitter with respect 
to the receiver. 



This Doppler effect is measured ly counting 
received cycles for precise time intervals. The 
received frequencies can be computed and plotted 
as a descending curve versus time. The shape 
of the curve depends on the relative motion be- 
tween the transmitter on the satellite and the 
users receiveri but only one particular frequency 
curve can be acquired at a specific point about 
the earth. The curve is unique for the specific 
location of the receiver. With radio waves as 
the signal an accurate computation of the navi- 
gational position of the receiver at a certain 
time is possible. 



The normal position aocuraoy achieved 
through satellite navigation is better than a small 
fraction of a mile! Even greater accuracy is 
technically possible, but this is limited by several 
pl^ioal factors. These Include ionospherlb 
refraction yAddli tends to distort the path of 
radio waves, and perturbations ,ot ortatts that 
lead to some uncertainties of the satellite's 
position. Changes of orbital paths due to uh^ 
controllable perturbations are the primary rea- 
sons ttiat eaioh satellite must be provided with 
corrected (i^^dated) satellite position informati(m 
1^ radio injections twice daily ftom a grbuml 
control ^station. The near-eiarth ortdts selepteK^ 
for the present system are aoompromlse betwe^^ 
updating problems and functional performiuAiMV ^ 
If the altitude were too hi{^, the rate of change 
of frequency with time wdd not be large eno^ 
to provide positions accurately. On the other 
hand, if the altitude were much lower,^ the orbital 
perturbations would be greater and salellite 
lifetime in orbit mlg^t be too short for reliable 
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The Satellite System 

Navigation satellites are launched int&T polar 
^ orbits from Vandenberg Air Force Base* Cali- 
fornia. Standard Scout vehicles (four-stage* 
solid fuel rockets) are used the Air Force 
to boost the satellites into near-circular polar 
orbits at altitudes of from 450 to 700 miles. 
The orbits are near-drcular to maintain a nearly 
constant satellite velocity. 



The satellites use the principle of 

f ravity-gradient stabilization to keep from turn- ^^^^^^^^^^^H^^^^^^^^^^^H 
ling, "ms method of stamiization» sometimes . ^^^^^^^^^^^H^^^^^^^^^^^l 
referred to as passive staUlizationi does not ^^^^^^^^^^|^H^H|^^^^^^^^H 
require any special propulsive equipment aboard ^^^^^^^^B^^HHlj^^Bj^^^^^^^H 
the satellite for position correction.. It is effeo- ^^^^^^^^B^I^^^^^^H^l^^^^^l 
tive because of the location of ma^s objects ^^^^^^^^^Sj^^^^^^^^^l^B^^^^H 
the satellite. If two mass objects are connected i^^^^^K^^^^^^^^^^^^B^^^^m 
in. a dumbbeU conf iguratioh . and deployed in spaoe, ^^^^Kj^^^^^^^^^^^^^Hi^^^^l 
the system will eventually orient itself so that ■ - ^^^^m^^^^^^^^^^^^^^K^^^^M 
the long axis is always directed toward Earth*s ^^^^^^^^^^^^^^^^^^^^^^^^^^H 
center. The sluq[>e need necessarily be a ^ 

dumbbell; the essential requirement is that ^ ^ ^ ^^^^M^^^^^^^^^^^^^^^^^H 
configuration have one axis of inertia which is ^^^^^G^^^^^^^^^^^^^H^^^^I 
longer than all others. The naxne gravity-gradient ^^^^H9^^^^^^^^^^H^^^^| 
stabilization arises from the fact that the Eartti'^ '-'^^^^^B^B^^^^^^^^^^^^^^B 
gravitational potential vuies with altitude and ^^^^^^^^^^^HH^^9^^^^^^H 
caui therefore! provide a smaU righting torque V'^^^^^^^^B^^^S^^^^^^^^m 
to position any object with ifes long ihertial axis ^^ ^^^^^^^^^^^^^^^^^ 

pointeid^tt^ar^ 7 Beoausid of this ^^^^^^^^^^^^^^^H^^^^^^^^^^H 

staUlizationr the transmitt^ - '^^^^^^^^^^^^K^^^^^^^^^^^B 

gation satellite is directed toward EiBurth. therein ^^^^^^^^^^^i^S!^^^^^^ 

increasing tile effective radiated power of its - ::' > :^ .ih' <' :r':,r^:'u;:';'-:yr );( ^ : , 
transmitter.; 
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Typically, a system satellite is about the 
size 61 the large snare drum used in a marching 
band and weic^ approximately 136 pounds. It 
is powered silicon solar cells located on four 
extendable panels. The . energy whioh is col- 
lected by the solar cells is then stored in bat- 
teries within the satellite. A transmitting 
"lampshade*' antenna is -mounted on the base 
of the satellite and receiving *<rod'' antennas 
are located at opposite tips of two of the solar 
panels. In orUt, the solar panels are extended 
to form an X with the payload in the center. A 
97-foot beryllium copper boom, weighted at the 
end, is extended toward from the top of the 
spacecraft to maintain its stabilization as pre- 
viously discussed. 

Althou^ successive models may differ, each 
satellite basically contains receiver equipment 
to accept injection data and operational com- 
mands from the ground, a decoder for digitizing 
the data, switching logic and memory banks for 
sorting and storing the digital data, and control 
circuits .to cause the data to be printed at spe- 
cific times in the proper format. It also carries 
an encoder to translate the digital data to phase 
modulation, ultra-stable 5-Megahertz oscilla- 




tors to provide time synchronization, and 1.6 
Watt transmitters to broadcast the 160 and 400- 
Megahertz oscillator-regulated frequencies that 
carry the data to Earth. 



The current goal of the system is to have 
four satellites in near-circular polar orbits. 
Orbital planes would be spaced 46* qpart to 
provide even coverage over most world loca- 

'tions;' - At orbital altitudes of i^qproximately 
6|00 miles; eacb satellite would circle the Earth 

r in ; a minutes. Their orbital velocity 

fwoidd be nearly 6 niilM per second. Because 
the Earth rotateis through 27 * of longitude during 
the time of one orbit, a polar orbiting satellite 

;oould view every point on Earth at least once 
every twelve hours. With four satellites in such 
orbits! a^navigat^ should be possible 

aim two-lkmrs in low latitudes and 

f-mbrBli^^ 
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usage By The Fleet 



Aboard shipi a navigation set activates It^ 
self as the satellite opines over the radlo- 
horlzon, and passively reoelves the data at the 
same time that It Is oorreotlng refraotlon errors 
and measuring Dialer Shift. The received data 
describes the Instantaneous orbital position of 
the satellite and at the same time, the Dcippler 
change In the received freqiuency. The process 
Is automatlo. The navigation set relates these 
two Iqputs to printout a fix (latitude, longitude 
and time) In a matter of seconds. 

Two different types of sUpboard navigation 
sets are present^ In use; one, designated 
AN/lBRN-3, Is designed to meet operational al^ 
environmental needs of our Fleet Balllstlo Mis- 
sile submarines; the other, designated AN/SRN-9, 
Is for surface ships. (Other ^s of navigation 
sets for aircraft and field use are under develop- 
ment). 

The BRN-3 navigation set for submarines 
is complete^ automatic. It computes its own 
alerts (listing the times at which system satel- 
lites will* pass within radio range of the sub- 
marine position), activates Itself yfiben a satel- 
lite approaches, receives data, computes a fix, 
and types out the results fro the navigator. The 
BfWrS also automaticaily performs its ownpre- 
pass readiness checdcs, and diagnoses certain 
trouble areas. 



Prior to arrival of the satellite, the BRN-3 
computes the Dqppler signal it e>qpects to receive 
during the satellite pass, and adjusts its re- 
ceivers accordingly. This precomputation is 
pexiormed using an assumed position (usually 
contributed by one ci the other hlg^-quality 
positioning systems aboard) and residual orbital 
data developed from a previous pass. 



' Using this precomputed information, the 
BRN-3 automatically aocpiireB the satellite trans- 
mission, stores measurements of the Dpppler 
Shift, and decodes and stores .the orbital param-. 
eters being broadcast. Using these hig^. ac- 
curate parameters, /'the BRN-3 bpniputes the 
exact Doppler curve thatwoiddbaye teen 
if its assumed position were correct. 

The BRNrS then bcnipwes this theoretical 
Doppler curve with that actually > received to 
derive the correbtions rneoessaj^ to, produce a 
navigational fbc«. Thrcfug^ a#tanda^ computer 
program, the BiEtN-3t repe^a^ 
assumed position .of ; ;^ti^ 
possible niatbl]^ of tfae^twb 
The position at ^oh the two:^o^ 
^ closely together is the im^ fix of the sub- 
marine posltioh. Ilie BRN^S caitom^^ 
out the fix in obordinttes of p^ longitude, 
latitude/ and satemte time; : Prewmputi^, re- 
ceiving, and oux^ 
; formed ^iOinost In r^ 



ACTUAl 




AN/BRN-3 



i^Ktainedv in^^^.TO niemory for use^ in up- 

|dating^:i^ 
>!(S^l3 eq^^ 
tvulous ii^^ 
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AN/SRN-9 



By oomparisoDi the AN/SRN-9 Navigation 
Set used on surface craft is afar less sophisti- 
cated system. It has to meet neither the need 
for sub-surface signal acquisition nor the probr 
lems of instantaneous interface with other navi- 
gation or precision-guidance weapon systems 
peculiar to our underseas fleet. Yet, the SRN-9 
does provide all-weatfaeri worldwide navigation 
capabilities for surface vessels. 

Except for receiving the satellite signals 
and computing the fix, the other operations men- 
tioned above (performed automatically by the 
BRN-3) are accomplished manually by the ship's 
navigator. 

Reception of at least three 2-minute inlbrvaU ; 
of data from the satellite are necessary to^ter^ 
mine a navigation fix« [The SRN-9 uses the orbital 
information taroadba|i\^>lhe sate 
that orltibal pairtrofiSrortaltM^ 
to the Dpppler Shift XNaceivedt Wit^ 
-tion, plus * a IXq;i^r cycle-c^^ 
must compute fiuree lntersectl^ 
revolution^ : The ;na^ 
point on th^ EaiHth's^^^^ 

bbloids InterMc^^^^^ image- 
point is discafrded bebo^ 



rotation during the listening period and the use 
of earlier dead reckoning fims. 

Like the BRN-3, the SRN-9 performs these 
computations automatical^, In a matter of ndn- 
utes, and p^rlnts out latitude^ Icnigitude and time 
according to , the satelUte Vblock* * . The SRN-9 




ie: Idss e33>ctt^ 

it sjttU provides a^G^ slxailar tb the BRN-3. 

Let us now exaniihe tte^^ sys- 
tem in more detail. 
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PROSPECT HARBOR 



The Ground Network 



The Navy Astronautlos Groi^ operates the 
Navigation Satellite System from Its headquarters 
at Point Mugu, CalUomla. In addition to the 
tracking and Injection station atop Laguna Peak, 
overlooking Point MugUi there are t£ree other 



ground facilities: detachment A» located at Pros- 
peot Harbor on the Maine Coast» detachment B» 
also an injection facility, located at Rosemount, 
Minnesota, and detachment C, at Wahlawa, Oahu, 
Hawaii. These tracking and injection facilities 
are connected to a centralized control center and 
computer complex at Point Mugu hl(^-speed 
data conmiunloation lines. 



TradUng.' \ 

TraioSk^ stations record Opppler 
tions uid inemox^ duirinfi.spe-^^^ 
olf^ sat<9liite 
to tlieobmi^ 
faclii|^::c^: 

tibn and predict its ftAtiire positliaai f or^ the next 
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Computer Operations 

The computer center prepares new message 
data to be Injected into each satellite every 
twelve hours for broadcast to the fleet. Com- 
puters use the latest Doppler observations re- 
ported the tracking stations to reconstruct 
the present orbit. From this, and from informa- 
tion derived from recorded observations of 
thousands of passeSi the main computer extra- 
polates predicted orbital positions which the 
satellites will traverse while broadcasting the 
new data. These predictions » timed to come true 
the instant they are broadcast* are ftijeoted along 
with operational conmiands to the satellite. 




/ 



. / 



Injection 



Injection facilities use precomputed data to 
aim the antennat to control digital equipment 
during inJeotioQi and to inject fresh data into 
each satellite. The injection facility transmits 
the injection message to each satellite at a pre- 
cise time for storage into the satellite memory. 
.Total injection takes place in a little more than 
a quarter of a minute. After injecUoni the staticm 



computer immediately checks the first readout 
received to make sure that the satellite is broadr 
casting the new information correctly. 

The satellite receiveSi sorto and stores . in- 
jection datai and Immediately oommences'tr.uis- 
mitting readoute to Earthi simultaneously 
phase-modulated on two carrtor frequencies. 
Enough data is stored in the satellite's memory to 
last for 16 hours of consecutive 2-minute broad- 
casts describing ito known orbital positions as 
it revolves around Earth. 
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Thrqughfumiz^^ de- 
scribed andv of' systems to foUoW» a navigator 
need no longer be uncertain of his location. 

NaidgatiOn systeniSi perhaps those carried 
on future sateUltes at synchronous altltudei will 
ultimate!^ decrease time Intervals between re- 
peat position information.. Even nowr navigation 
from a synchronous satellite by measurement of 
the range and direction of the customer is being 
studied. 

Whether the use is safety in transportation 
or battlefield aoouraoyi a hig^ accurate and 
reliable satellite navigation system has been 



developed by the Navy, this is particularly vital 
to the Navy in carrying out its missions at sea« 
Our mobile gun platforms and sea-launched 
missiles can be cndy as accurate as the knoWn 
positions of their launch sites. 

Today* the Navy Navigation Satellite System 
enaMes fleet units to pinpoint their true positions 
more accurately than ever before. Present-di^ 
users of this system can almost instantly estab- 
lish their location anywhere on Earth at any time 
of day or night* in any kind of weather or battle 
conditions . • • a navigator's age-old dream has 
come true. 
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SPACE DEFENSE 



NAVAL SPACE SURVEILLANCE SYSTEM 

6 One of the Nation's early interests relating 
to space was to detect and predict the orbits 
of all satellites, friend or foe, radiating or silent 
for the main purpose of knowing what was whirl- 
ing about Earth. 

Back in 1957 this wasn't much of a task be- 
cause there was only one man-made satellite 
(Sputnik) in orbit, and everyone knew its origin. 
By way of contrast today, the number of objects 
observed in space during a typical 30-day period 
is near 300,000 (over 10,000 sig^tii^ per day). 
This is not meant to imply that there are any- 
where near this number of satellites in orbit. 
These siglitings include * the debris associated 
with various orbital payloads and iminnhlng ve- 
hicles, number also includes repeated 
sightings of The same satellites and debris as 
th^ ccmtinue to circle the Earth. At the present 
time, however, there are over 1,000 separate 
detdQtable man-made objects in orbit. This fact 
makes apparent the need for a system that can 
detect and keep track of these orbitii^ bodies, 
mahjT; of i^oh^; interest to our fleet and to 
our - xkational ' sj^^ 

We know 
systenis caii^^tiBdW;;^^^ 



satellites. One can surmisei that a particular 
emphasis in this application is locating our fleet. 
The initial steps in countering this threat are (1) 
early identification of all satellites, and (2) their 
continued tracking, and (3) providing our force 
commanders with pi^nipt and accurate informa- 
tion on selected satellites thereby permitting 
them to take qyprqpriate evasive or defensive 
action including neutralization of the satellite. 
To acconq[)lish this traclds^ of space objects, 
the Naval Research Laboratory (NRL) started 
development work in 1958 vddch has led to the 
Naval Space Surveillance System (NAVSPASUR). 

The NAVSPASUR system consists of two 
subsystemsi (1) the detection subsystem of 3 
transmitter sites and e receiver sites; and (2) 
the headquarters computation and analysis center. 

NAVSPASUR works on an interferometer 
principle Xsy ^ch waves reflected 1^ a target 
will vary in phase at a receiver site. In NAVSPA- 
SUR, radio transmitters produce a thin fan- 
: rshiqpNed beam of energy directed vertically upward. 
The beam is very narrow in the NorthrSouth 
:<Ur^ with a maximum dT- 4 miles width at 
Moo ii^teB alti^ide, and very wide in the East- 



\ 
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A satellite or any other objectpassing through 
this beam reflects a part of the transmitted 
energy back to the receiver sites. Such a received 
signal indicates the passage of the object* Through 
the use of many pairs of interferometer antennas 
to compare phase relationships at the receiver 
siteSi a precise direction of travel of the object 
is obtained. 

In addition, a Doppler shift (see Chapter 15) 
in the reflected signal occurs due to ihe object 
traveling through the beam. The. alert antenna 
(the longest and most sensitive at the receiver 
sites) automatically tunes additional interfere 
meters to the reflected signal. Many pairs of 
antennas are used on base lines as short as two 
feet and as long as a mile. These antennc^ 
make accurate phase measurements to resolve 
ambiguities and provide accuracy. Each receiver 
site has rows of rod antennas (dipoles) oriented 
in the North-South direction to give signals for 
computation of zenith angle. 
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NAVSPASUR SUBSYSTEMS 

The detection subsvstein stretches iapross 
the southern part of the; UM States from San 
DiegOi Caliiforida^^^ 

nejhvp]^ is lidd d^ at ^pprpsd^ 

matelyr S^decnrees lin^ 



of fi^ 8tatl4^ 
oated at lUq^^ 
a frei]ueii(^;<d^ 



antenna ; si^ bttier transmitters are 

located at^ G^ Riveri Arizona, and at Jordan 
Lakei Alabama; they radiate on the same fre^ 
quenoy but a;t a power of 50 kilowatts into shorter 
antennas, 

Alternal^ with the transmitter sites in the 
field station network^^ are the receiving stations, 
Ick^iateid Butte, 
New Me>dco; Red Rive Silveir Lake, 

vMississipp^^ and at Fort 

iStewi^ 
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Multiple interferometers at the receiver sites 
are used to determine zenith angles. These phase 
angle data (differences between each interfero- 
meter pair of antennas) are transmitted in ana- 



log form using a tone telemetry system over 
leased telephone lines from each field station 
to the data processing subsystem, NAVSPASUR 
Headquarters at Dahlgren, Virglnliu 



DATA PROCESSING 

At Dahlgren, the data are changed to digital 
form by the Automatic Digital Data Assembly 
^tem (ADDAS) for computer processing. 

In the ADDAS, phase data first go to the bit 
assembler (one for each receiver station) where 
the data are checked for transmission error. 
Time is next associated with thesedataby a dock 
calibrated the National Bureau of Standards 
to an accuracy greater than one one-faundredth of 
a second. Following this, the data flow simul- 
taneously in three directions. Firstly, all the 
data from the six Ut assemblers are recorded 
on magnetic tape. This includes all the actual 
satellite-pass signals plus incidental noise and 
interference. This ensures baotaqp in case of 
data loss later in the reduction and processing 
phase. Secondly, data go into an analog convert 
sion unit for visual disj^ay of all incoming phase 
data on a grqpbic recorder for individual moni- 
toring as required. Thirdly, these data also go 
to the message assembler vrbere satellite sig- 
nals are separated ftom spurious ndse and other 
such conourrently collected interference. 
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Following tbiSfProoessed data are recorded 
on an ADDAS tape \init (a magnetio tqpe record 
of only actual satellite signal?). This ti^ pro- 
vides data backup in the event that the transfer 
channel between ADDAS and the computers break- 
down. At the same time, data are fed into one 
of the two computers for immediate calculation 
of zenith an^^s which are machine printed and 
then put on magnetic tape Iry the computers. 
Consumed time from a satellite pass to print- 
ing of actual zenith angles occurs in a few 
seconds. 

As mentloned^f or immediate data processing, 
phase informatioh is fed directly into the com- 
puter from the Automatic Digital Data Assembly 
System (ADDAS). This is done on atime-sharing 
basis. Daily operational programs are run until 
a satellite pass oomes in. A control unit will 
then shift from the operational program to the 
ADDAS data reduction program to process the 
pass. This task completed, control will shift 
back to the operational program until aixifher 
pass is received. This time-sharing system 
allows for immediate print^out of satellite cross- 
ings of the NAVSPASUR fence while using com- 
puter running time most profitably. 

Through such satellite observations, the or- 
bital elenoents (see Chester 5) are determined. 
In the case of new launches, accurate orbital 
elements are calculated from passes on opposite 
sides of the orbit. From the latest elements, 
new fenoe crossing predictions are made end 
transmitted to any customers. All customer 
outjmt is derived from the latest set of orbital 
elements and updated with every new 
observation. 



FLEET USE 

This conaputed ou^t consists of orbital ele- 
ments, satellite observations, equator crossings, 
look angles, and ephemerides. Customers ir^- 
olude Ccmtinental Air Defense Command, Nort!^ 
American Air Defense Command, Chief of Naval 
Operations, Naval Research Laboratory, Naval 
Observatory, Joint ChiefiB of Staff, National Aero- 
nautics and Sipaoe Administration, and missile 
test sites. NAVSPASUR s^ppUes the fleet ly a 
message emphemeris similar to the acconqpany- 
ing illustration, which enables all units to plot 
fhe..||f 9und track of selected satellites in accords 
anoe with instructions found in the i^rppriate 
Navy publication. 

In 9rder to determine when a new object is in 
orbit, it is necessary to predict the fence cross- 



ing of all known closets. Anytime an object comes 
through the fence that caimot be immediately 
identified, it is subjected to further analysis. 
This information is then sent to the North Ameri- 
can Air Defense Command's Sipace Defense Cen- 
ter (NORAD SDC) for processing since NORAD 
has operational direction of NAVSPASUR. 
NAVSPASUR is an important member of the team 
of detection networks and special sensors that 
maintain space surveillance. The biggest are the 
parabolic fixed-beam radars of the Ballistic 
Missile Early Warning 3ystems (BMEWS) that 
scan the air apace over the northern latitudes. 
The Air Force also qperates other giant radars 
to supplement the coverage of the BMEWS. The 
Smithsonian Astrqpl^ioal Observatory provides 
additional coverage with 13 cameras. Precise 
3-tcnBaker-Nunn cameras, operated Ity the Air 
Force, have pbaiogtaphed satellites more than 
20,000 miles distant. In general operations, 
the Sipaoe Defense Center at Colorado Springs 
has about 150 tracldng stations feeding it in- 
formation. 

Most orbiting objeote are quickly identified 
by one or more of the detection networks » but 
if an object cannot be positively identified by 
NAVSPASUR or associated with a particular 
launch, then interpretive information is also 
sent alozig with associated observations to NORAD 
SDC on a continuing basis* 
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The difference between predicted times and 
otoerved times for about 94 percent of all ob- 
servations ranges between 0 to 3 seconds. The 
remaining six percent of the observations that 
fall outeide of the 0 to 3. second accuracy limit 
do not represeiit poor prediction accuracy but are 



due to (I) high Bpogpe satellites that are lunai- 
perturbedi (2) to sateUites in the final stages of 
decay where it is difficult to predict their orbit, 
and (3) to new satellite launches where an ac- 
curate set of orbital elements has not been 
obtained. 



One of the Navy's prime assete has always 
been ite power to roam the seas of the world 
uncontested. With the coming of military sat- 
ellite operations, fhis asset is being severely 
threatened, NAVSPASUR offers information 
to the fleet on when and where to detect space 
threats so that hy forewarning they may be 
effectively countered. 

The Naval Space Surveillance 33rstem con- 
tinues to operate successfully as a true space 
sentinel standing watch across the Southern 
boundary of the United States, an example of 
external vigilance. 
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A8 a result of the signing of tbe space 
Treaty (**Treaty on Principles Governing the 
Activities of States in the Esqploration and Use 
of Outer l^ace» Inohidlng the Moon and other 
Celestial Bodies**) on 27 January 1967» sixty 
sovereign countries of the United Nations have 
agreed that utilization of outer space should 
be directed toward the peaceful aspects of man- 
kind. In more detail the signatories agreed that 
the e3q>loitation and use of outer space and 
other celestial bodies diall be for the benefit 
of mankind without discrimination; neither outer 
space nor celestial bodies shall be subject 
to q;)propriation by claim of sovereignty; the 
establishment of military installations and the 
conduct of military maneuvers is prohibited 
on celestial bodies; and the right to inspect 
installations and space vehicles on the Moon 
and other celestial bodies is assured. 

Although proper ratification must be ob- 
tained before this treaty becomes effective^ 
the very document itsdf represents a ctilmi- 
nation of United Nations activity in this area 
which dates back to October of 1963. At that 
time» the Oeneral Assembly of the UnitedNations 
called on nations of the world not to station 
nuclear or other weapons of mass destruction 



in outer space. Two months later the Assembly 
adopted a declaration of legal principles iHAiioh 
arrived at offering a 'means to govern activ- 
ities in outer space. Thus» the 1967 Space trea- 
ty dlearty indicates the desire of mankind to 
create an envir<»ment of peace in the vast 
e^qpanses of space* 

However» documents and treaties as exempli- 
fied by the l^ace Treaty often have a way of 
being reduced to mere thoughts and desires 
rather than being advanced to actual practice. 
This is especially noted when the national inter- 
ests of any nation are restricted by a par- 
ticular international agreement* In other words* 
if any nation should decide that it would be 
vital to their interests to maintain an offensive 
we^)on system utilising the outer space arena, 
the fact that a treaty exists without physical 
enforcement measures to prohibit such aotiviti- 
ty would hardty preclude the creation of the 
dEfensive space system. It therefore becomes 
necessary for the United States to recognize 
the possible threat that would be posed 1^ 
any space-borne weapon or associated mili- 
tary space system that could limit the effec- 
tiveness of current Earth-based offensive and 
defensive we^E^ns. 
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Any defensive iq^qproaoh necesBary to coun- 
ter a space weapon must include the classical 
elements of a defensive weapon system: de- 
tectioni identification» interception and neutral- 
ization or destruction. The first two oategoriesi 
dection and identification! have previous^ been 



One potential approach to provide an anti- 
satellite weapon exists in terms of adapting 
a current vfeapon systems for this purpose. 
This concept applies to a vertically-rising 
interceptor similar to the anti-ballistic mis- 
sile that is launchjd to the altitude of the 
enemy satellite in or near the plane of its 
orbit. The requirements for providing a 
launch platform to handle this particular 
proach might be satified by associating this 
anti-weapon system with the advanced anti- 
ballistic missile (ABM) program (e^;. NIKE 
X)i thus permitting the ground launch sites i 
necessary for providing support to any ABM 
system, to serve a second conunand function. 



discussed in detail while considering the Naval 
Space Surveillance Siystem (NAVSPASUR). The 
proper application of the information supplied 
from this or other detection and identification 
stetems compels one to consider how might an 
anti-satellite system be deployed. 



The re^ttlrements might also be satisfied by 
Air Force use of qperational missiles. 

However, the Navy mig^t well consider study 
and development, if approved, of its current 
balUstic missiles (POLARIS and the future 
POSEIDON) into an advanced anti-satellite weapon 
along similar linds as an ABM system, which 
would provide the fleet and the Nation with 
mobile launch platforms. Such amoWle network of 
launch pads offer the distinct advantage of flexi- 
bility necessary to reach any orWt-inclinationfor 
interception of the enemy satellite from water 
launch sites. In general, this can be better 
accomplished from water launch sites because 
wate;: covers nearly 75% of the {^obe. 
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This type of anti-satellite operation holds 
special interest for the Navy. Not only would it 
offer the Navy the cfyportunity to continue opera- 
tions without the harrassment of spaceborne 
weapons, but would also i>ernilt the Navy to assist 
the nation's defensive posture by deployfaig mobile 
bases at sea. The mobile bases may become ex- 
tremely desirable when one considers the fact that 
all orbiting, satellites must pass over oce an areas, 
but enemy satellites could be programmed for 
minimum passes over U.S. land areas containing 
fixed-position anti-space wecqpons. Thus, sub- 
marines located at unknown positions under the 
surf&ce of the oceans could offer a serious threat 
to any nation planning to, orbit space weapon 
devices. Additional advantages realized from sea- 
based launch sites include increased availability 
in terms of freedom from blast/fallout Hamage, 
reduced warhead employment restrictions, and 
minimum dependence upon complex surface 
equipment. 

One extension of anti-satellite operations 
mi^t include orbiting inspection stations in 
qpace to keep a clbse watch on all satellites. 



Such an q^Proach using either a manned or 
unmanned inspector must include the ability 
to rendezvous With a satellite, conduct the 
inspection, and jif necessary permit suitable 
actions to be accomplished. The interim situ- 
ation, however, requires that our nation pos- 
sess a defensive system within current state- 
of-the-art technology as a means of retaliating 
against the threat of an orbiting weapon* In 
fact our nation mi^ not wait until sophisticated 
space-borne inspection systems are developed. 
The very threat of a future war involving the 
environment of space dictates the need for 
adequate space defenses that can be use on a 
short-time basis. 

The United Nations Space Treaty represents 
a big step toward the daiy when the peaceful 
intentions of mankind will prevail. The interim 
situation must therefore be viewed in terms 
of how dose mankind is to the realization of 
this 'di^ of Utopia. Until all nations agree, 
both in thought and deed, upon the peacefid uses 
of outer space, it is mandatory that the United 
States maintain a strong defensive arm and be 
prepared to conduct anti- satellite operations. 
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NASA 

Although diverse soientliio activity leading 
to space esqploration had been underway for 
decades, it was in 1968, reacting from the 
stimulus of Sputnik, that the United States con- 
solidated its civilian space activities under one 
coordinating agency. This coordinating organi- 
zation was the jlational Aeronautics and Space 
Administration (NASA), wliose nucleus was formed 
from the old National Advisory Conunittee for 
Aeronautics and the larger part of the Army's 
Ballistic Blissile Qrgap. 

As a national agency, NASA is responsible 
to Congress for organising and administering 



the nation's civilian efforts in space. The costs 
of this effort can be measured the t^ASA 
budget (approximately five billion dollars an- 
nually). Over ei^ty per cent of NASA's effort 
is qyplied to research and development. The 
remainder is used in administration, communi- 
cations, data-handling systems, and limited pro- 
duction of prototype space equipment. 

Under the administration of NASA, this coun- 
try has successfully explored not only space in 
the immediate vicinity of Eairth, but also near the 
Moon, Mars, Venus, and from a respectful dis- 
tance, the Sun. These space investigations have 
been most fruitful, but they have only scratched 
the unknowns within our solar system as a good 
beginning for the esqfloration of space. 



ERIC 
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This age of space e^loration began with suc- 
cessful launching of unmanned spacecraft to 
investigate that realm immediately beyond the 
Earth's atmosphere. These near-Earth satellites 
contained sophisticated sensors and computing ^ 
mechanisms but were limited in payload weight 
and capacity. Micro-miniaturization of space- 
craft components has relieved these restrictions 
to a great degree, but extended missions with 
broader objectives have brought payload limita- 
tions to the fore again with a need to revaluate 
each spacecraft component. Some designers beli- 
eve the lightest, most versatile and most reliable 
combination of sensors and computers may be 
man, himself, ^peaking as a design engineer, one 
might say man is an **o£f-the-shelf'item occur- 
ring in large quantity. But, unfortunately, man's 
I 'package" and * 'power systems'* are not at all 
well-suited to the space environment, as was 
discussed in Chapter Seven, BioastronautioB. 
The absence of oi^gen, pressure, food, water, 
or gravity, coupled with eictremes of heat and 
cold, make space an extremely hostile environ- 
ment for man. 




Devioes which will enable man to exist in space 
have been in development for many years. These 
life-siQiport systems have demonstrated their 
feasibility throu^out the one-man Mercury Pro- 
gram and the two-man Oemini Program. As cur 
nation strives for greater involvement of man in 
space, we will witness progress in the three- 
man i^Uo Moon Program, as well as that of 
the more distant /4k>11o Applications OrUting 



Workshop and the Manned Orbiting Laboratory. 
In these prograxAs man will use the informa- 
tion provided }a/ the earlier unmanned space 
probes and observatories to prepare himself to 
act more effectively as an on-site observer and 
e^qperimenter. He will be abletowitness and com- 
pare phenomena over a period of time in an 
environment which cannot be simulated completely 
on Earth. 
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Many of the preliminary problem? of long- 
duration space flight will be solved in the 
Maimed Orbiting Laboratory (MOL). The MOL 
project iF under mlUtary direction (Air Force). 
It will carry considerable original e3q;)erimenta- 
tion that will adTance the 8tate*of-the-art in 
manned apace lli{^ts leading to more ambitious 
civilian efitorts. 



The Apollo Applicatiofas Program f AAPl will 
be devoted to furthering the scientific escplora- 
tion of the Earth's euvironment in space and 
man^s adaptability to Vhat environment. Indeed, 
the success of this AAP program may indicate 
the direction of this nation's space efforts for 
many years to come. As the name of the pro- 
gram impliesi the Apollo i^licaftltes Program 
will use the hardware and techniques already 
developed by the Apollo Project of putting a 
man on the Moon. The AAP concept will make 
efficient use d the vehicles and structures 
already developed for project i^Uo by launch- 
ing baok-tqp vehicles witti structures and sup- 
port systems alrea4y used in Ihe majw ApoUo 
launolu As part of the AAP, «atellite-bome 
sensors will monitor daily activities on Earth. 
Esqploraticns of the Moon for two weeks or 
longer will be conduoted. Manned flints lasting 
a year or longer, and possibly manned Journeys 
to Mars and other planets will be attempted. 
A launch rate of four of the uprated Saturn I 
and Saturn V boosters is planned annually. 
The iqnrated Saturn I can lift 19 to 40,000 
pounds of payload into near-Easrth orbits, and 
the Saturn V up to 285,000 pounds around the 
Earth or about 96,000 pounds to ttie Moon. 
The basic project Apollo systeme will be modi- 
fied to meet the Initial needs of ttiese new space 
programs without flie necessity of dsveloftfng 
all new hardware. 

S^dflc plans for AAP inohide: 

(a) Converting the second stags of the 19- 
rated Saturn I launch vdiiole Into a 10,000 
cubic foot orbital workshop. 




(b) Developing a two-gas life support sys- 
tem that can keep men in orbit for a year or 
more. 

(0) Developing a nuclear powered rocket 
stage for space use (see Chq)ter Six). 

(d) Modifying the project ^ollo lunar module 
so ttiat it can siqn>ort men on the Moon for six 
weeks or kmger. r 

(e) Modl^ring ttie Apollo spacecraft so that 
it can carry 19 to six men for short duration 
ferry and resiqiply mlssi(»Si returning to Earth 
for dry-land landings and re-use. 

(f) Developing a manned sdsf telescope sys- 
tem to stu4y solar activity from space. 

(g) Completing the oartograplqr of the Moon 
vdth additional lunar nuqndng and surveyings 

(h) Develofdng a mobile lunar vehide. 

(1) Developing a long list of special sensors 
for monitoring Earth and lunar activities. 
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. S-IVB 
WORKSHl ' 



ADAPTIt • '- 



In the past, when a space system or estperl- 
ment was to be tested, a new satellite was 
usually built speolfioally for that purpose. For 
the AAP, a new approach will be taken. It 
involves orbiting a huge, manned space work- 
shop that is used to test a series of experi- 
ments. Then, as these are perfected, separate 
satellites may be developed to estploit* these 
03q[>erlments« NASA. hopes to have its first 
space work$hop in orbit In 1969. Instead of 
building a new spacecraft, the agency is modify- 
ing a fuel tank in the ixprated Saturn I launch 
vehicle to serve as the workshop. The tank 
stage, called a S-IVB, is 58.4 feet Uie^ and 
21.7 feet in diameter. This stage is divided into 
two tanks, one containing oi^gen and the other 
hydrogen. Initially, the S-IVB will help power 
the iprated Saturn I to put the three-men Apollo 
spacecvaft into an approximately 250-mile hi^ 



orbit around the Earth. Once its fuel has been 
e3q)ended and whij^^itjs attached to the Apollo 
spacecraft, the hydrogen tank on the S-IVB will 
be cleaned automatically to serve as the work- 
shop. The astronauts will enter the workshop 
from the Apollo spacecraft through a q>ecial 
air-look. A life-support system is being deve- 
loped for the workshop to enaUe the astronauts 
to live in a shirtsleeve environment without 
being burdened 1^ their cumbersome flight suits. 
Plans call for keeping the work shop in space 
for two to three years as a minimum. The 
astronauts* initial stay in the workshop will 
last about 28 days. At that time, they will 
re-enter the Apollo spacecraft, detach from the 
orbiting workshop, and return OF Earth. The 
worl^hop will be revisited with astronauts gradu- 
ally increasing the length of time they remain 
in space to a year or loi^r. 
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Our nation^s welfare and general scientific 
knowledge advance with each success in space 
expIoraUoni including military s^plications. For 
example, satellite concepts previously used ex- 
clusively for research and exploration are being 
reshi^d to include surveillance sensors which 
will monitor the Earth's resources. These sen- 
sorSi integrated into a satellite systemi could 
record yields on a global basis; measure water 
resourcei^ by checking stream flows, and snow 
quantities; lake forestry yields could be assessed; 
disease in forests and crops could be detected; 
and a limited knowledge of sub-surface minerals 
could be obtained. Famines and surpluses in 
food crops could be predicted very easily on a 
global basis and remedial steps taken before a 
crisis develops; floods or droughts could be 
anticipated; geologists would know where to look 
for mineral deposits. 




rhese successful exploitations of space will 
prove valuable to our nationi and they will be 
also important to other nations. What is the 
prospect for cooperation in space on the inter- 
national level? 




On the international leveL the dominant spaca 
roles assumed by the United States and the 
Soviet Union during the immediate years follow- 
ing l^tnlk represented a monopoly on space 
researclu The two giants controlled all signi- 
ficant aspects of 8pa6e esqplorationi and little 



room remained for contributions from other 
sovereign states. However • the last five years 
have witnessed a remarkable changet Many na- 
tions have ^wed some interest in space # Groups 
of nations have formed space organizations to ac- 
complish specific goals, and many have begun 
to adjust their educational systems to produce 
space-oriented personnel. Modern states now 
realize that rewards Ln the Space Age can 
accrue for any nation which works at it. 

One aspect of this new international space 
interest is the normal desire of nations to 
involve themselves in the '^attractive**. activity 
of space e^qploitation. The prestige that occurs 
from active participation in space projects is, 
of itself, enough reason for the increase of space 
interest among nations. Many certainly desire 
to claim some responsibility, albeit quite small, 
for the successful landing of both manned and 
unmanned payloads upon the Moon or the planets 
and our solar system. There are other reasons, 
however, for although few nations can afford the 
costs involved in establishing complete space 
facilities, many countries may make fc'ohtific 
and technical contributions to the aerospz.C6 field. 
A nation with scientific ability can share its 
e3q>ertise, and, participation, derive economic 
benefits from the many scientific advances associ- 
ated with space technology. Opportunities also 
exist for nations with limited technology. These 
nations may become users of space-borne sys- 
tems and the new technology (for example, 
receiving conmiunications from a satellite while 
contributing only the land installations necessary 
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to process the information). Cooperation among 
nations in space is the goal of max^ negotiations 
within the Urited States. 

Indications of the extstence of international 
coc;ieration can be readily seen in thd space 
research conducted the United States. Some 
seventy foreign countries and jurisdictions parti- 
cipate with the United States in Joint satellite 
projects. Such Joint projects include the con- 
tributing of eiqperiments to satellites, the launch- 
ing of sounding robket9, the diaring of ground- 
baaed support facilities for scientifio satellites, 
Joint participation in worldwide traoUlngnetworkB, 
and visitor exchanges in technical training pro- 
grams. Mai^ e3q;»eriment8, including complete 
satellites, are built by other nations with the 
United States providing the launch vehicles, 
launch facilities, and otber siqqport. In addition, 
e^qperiments from other nations are sometimes 
selected in competition with domestic proposals 
for inclusion on NASA satellites. An excellent 
example of the launcbii^ of an international 
satellite by NASA was the British-built ARIELS 
satellite, the world's first international sat^te. 
It was launched on April 26, 1962 % NASA. 
It carried e}Q)eriments built in the United Kingdom. 
This satellite has provided information on the 
variation of cosmic raya with Earth latitude 
and the intensity of radiations in the Van Allen 
Radiation Regions. ^ 

In additim, the United States has provided , 
services to the following nations in their satel- 
lite programs: 

£SSS^~*l<tux^h, tracking, anddataacqulsition 
for the Alouette satellite (used to measure 
electron density of the ionosphere) and the ISIS 
(internaticnial Satellite for Ionospheric Studies); 
France— traoldng and data acquisition for FR-I 
(meas7urement of electric and magnetic field 
components of very low-frequency radio emis- 
sion); Italy— training, launch, tracking and data 
aoqidsinon of the San Maroo aatellitft (to deter- 
mine air density by measuring satellite drag). 

The United States has also participated in 
sounding rocket programs with Arg^dntina, Aus- 
tralia, India, Japan, New Zealand, Norway, Den- 
mark, Pakistan, and Sweden^ 

Othe? cooperative ventures include partici- 
pation ir. international organisations dedicated to 
the development of space scienoes or the utili- 
sation of space technology. Typical organizations 
are: 

(1} The Ljternational Telecommunications S^- 
mt*^ Consortium (Intelsat), a groi^ of over fifty 
oooiir^^x'attng nations, has assumed a major role in 



the establishment of an intexr^ational commercial 
conununication satellite system to enable partici- 
pating nations to respond to their communication 
needs. 

(2) The European Space Research Organisa- 
tion (ESRO) was set up by agroup of nations to 
build, launch and monitor satellites and sounding 
rockets. On March 28, 1966 this organization and 
the United States agreed to the establishment of 
a satellite telemet^-teleoommand station near 
Fairbanks, Alaska, (the firstforeign space station 
on United States soil). 

(3) The European {iaunoher Davelopment^r- 
ganization (ELDO) established w initial program 
to design, develop and construct: ^paoe vehicle 
launcher weighing over 100 tons. The 9rganiz6tion 
also plans to study the problems of accurately 
plaoixig satellites in predetermined orbits and to 
determine the dynamic bQbavior of satellltidis dur- 
ing the propulsion phiuta and fitter entry into 
orbit. 

There are other examples of bilateral and 
multilateral organizations that are striving for 
the betterment of particular areas of interest. 
Indeed, these have accomplished a great deal in 
attempting to solve the teohnolo^oml problems 
of the Slpace Age. Nations can readily he|p one 
another with mutual diffioulties when a coopera- 
tive spirit prevails. It is not the lack of specific 
organizatipn^ y^t rr»:^r the relci^tanoc» ^ na- 
tions tc^ 1%$ lit's^thibr in a coordinating f^genoy 
that may handiciqp and delay international iqp- 
plications of space tedmoloK^. 

Many examples pan be provided where iBtei^ 
national ooooeratic]^ and coor *i««o«ft» in the 

future vmibe vital to the betterment of olvilizttlon. 
One such futura program is the establishment 
of a worldwide satemfe oonimimlctttidn javstem. 
Althouc^ a limited approach to suoh an inter- 
national comimunioatiQn system is now in exis- 
tence, the purpose of the current system is not 
designed to bring communications to those parts 
of the world that have the greatest need. A 
communioaUon satellite has the capability to 
provide educational television over la:^ remote 
land masses, suoh as South America and /^ca. 
In suoh a system the satellite acts as the class- 
room instructor, with students gathered at every 
point where a receiver can be established. 
Not only would this system he^ to solve the 
critical problem of teacher shortages, but excel- 
lent instruction could be maintained on long-term 
basis. CommunioatiQn satellites might hasten 
the creation of a universal language so that all 
people of the world could monitor the same 
broadcasts. 
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Another area of Intera yHftfift] I ptereat is 
navigation. On July 29, 1967| Vice-President 
Hubert Humphrey announced Presidential 
proval of a recoinmeadation to release the Navy *8 
Navigation Satellite System (see Chapter Fifteen) 
for use by civilian ships. Commercial manufac- 
ture of the shipboard receivers would make 
mass distribution possible. Much interest has 
been eaq^ressed in the United States for the 
UL^ of su<fli a « system by Vbe oceanograpblc 
community, off-shore oil e3q>loratlon companies, 



and ottier segments of industry. Minor modifi- 
cations of this system would permit use of these 
navigation aids by the ships of other nations. 
Indeedt the potential of the navigation satellite 
is within sif^t to assure accurate navigation 
anywhere on Earttu Other aspects of an inter- 
national navigation satellite system mlglitlnvolve 
a 24-h0ur all-weaOier notification service includ- 
ing commercial air traffic control, search and 
rescue assistance, iceberg warning, and S^per 
asrvice Transport (SST) flight advisories. 



Use of international satellites would extend 
world meteorology programs. Details of existing 
meteorological satellite systems were covered 
in Chapter j^ourteen. Notoidycanftituremeteoro- 
logy satellites offer fiie world complete and 
accurate weather forecasting, but this increased 
knowledge may lead to weaflier contrdlormodlfi- 
cattom Weather observations toenhance forecast- 



ing is well appreciated today, butuse of Increased 
knowledge for weattier control or weafiier plan- 
ning may be the to better balance of world 
food production. 

A realistic appraisal of the United Nations 
Space Treaty c learly indicates ottier areas for 
furttier intematlcnal agreement. Negotiations are 



ErIc 
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necessary concerning the liability problems that 
surround space ventures, Basic questions of 
what ^pes of liability problems will arise must 
be explored. Acceptance of these responsibilities 
by each nation must be formalized by treaty. 
Although the current treaty e^qpresses the will- 
ingness of nations to preserve the environment 
of space as a peaceful area for exploration, the 
necessary cQntrols and enforcement measures 
have yet to be documented, JS man can truly 
cooperate in the arena of space, there exists 
the probability that this cooperation may be re- 



fleeted in many of the problems that face man 
on Earth, The rise of the underdeveloped nations 
with their e^qplodlng populations poses challenges 
which may be best solved in terms of advanced 
technology. The space sciences can assist in these 
problems if international conditions will permit 
discussions and decision making on a non- 
belligerent basis. If, however, world conditions 
are filled with wars and the rumors of wars 
then space science, as all science does in some 
respect, will become the newest tool for the 
conduct of wars hy technical nations. 




The Navy is aware of fSbe imtplioatioos of systems. B has establisbed definite, formal 
future space technology on naval operations, operatlooal requirements in the areas of corn- 
It has studied the ways in which Naval forces and munloations, meteorology, navigation, and sur- 
oombat operations win be affooted by astronantio veOlanoe, 
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Many technical problems remain as challenges 
to Naval planners, for examide, (1) the develop- 
ment of practical shipboard antennas for use 
with satellites, and (2) the need for weather 
readouts on a more frequent basis* Optiznally, 
the antennas should not overburden the ship 
by weight or restrict its maniBuverability by 
requirements for steady steaming on course 
during satellite piokiqp operations, and weather 
should be available over areas of interest on a 
3*hour presentation schedule* Other problems 
are slowly being solved in the areas of reliability, 
maintenance, and adequately trained personnel* 
The fleet will derive more benefits as the Navy 
Astronautics Program continues the integration 
and coordination of space system development 
within the overall development plans of the Navy* 
This Navy Astronautics Program is guided by 
the following principles that prescribe the cur- 
rent and future Navy role in space: ^ 



a« To influence, whereverpossible,ttie design 
of DOD or NASA satellite systems to insure that 
Navy requirements are met; 

b* To design, develop, and operate satellite 
systems uniquely siqiporting Navy requirmnents, 
or requiring unique naval oq;)abilities; 

0* To make available competentnavalolBoers 
to other Services or agencies to Insure the most 
effective aiiplioatioiis of naval tedmology to 
national obj^tives where and when needed; 

d* To maintain an active astronautics re- 
search program to prevent naval obsolescence 
bf advances in space technology; 

e* To establish and maintain an educational 
and training program responsive to advances In 
space tecdmolcgy; 

ft To partWpaie actively witti ttm Nsttcnal 
Aeronantlos and Sjpaoe Adrntnlstratiaa manned 
space lUi^ program to Insure a constant anvare* 
ness of the potential cf manned qpaoe fllg^ 
as It may affect naval cperatloni • 



Mh a program oooperattv«ly eanted cdt 
by s6lenitlata» nnjlnnni s^ tod naval peraonnel 
win provids file Moaaaary systetna fliat ttm 
Navy vrin need to ftdfiO. its baalc n^^m^^ in 
the q;>aoe agSt 
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APPENDIX I 



CONDENSED LISTING OF SIGNIFICANT 
SPACE LAUNCHES 

i 



Name 


Country 


Date 




Remarks 


SPUTNIK 1 


USSR 


4 October 


1957 


First artlfioial satellite 


SPUTNIK 2 


USSR 


3 November 


1957 


Carried dog Laika 


EXPLORER 1 


U.S. 


31 January 


1958 


First UA satellite - discovered 
Van Allen Radiation Belt 


SCORE 


UA 


18 December 


1958 


First oommunioatioa sateUite 


LUNA 2 


USSR 


12 September 


1959 


First probe to hit Ifoon 


LUNA 8 


USSR 


4 October 


1959 


First idiotos of far side of Moon 


TIBOSl 


U.S. 


1 Apra 


1960 


. First meteorologioal satellite 


TRANSIT IB 


U.S. 


13 AprU 


1960 


First navigational satellite 


TRANSIT 2A 
80LRAD1 


U.S. 


22 June 


1960 


First dual launch - U.S. Navy 


ECHOl 


U.S. 


12 August 


1960 


First passive communloation 
sateUite. 


ISSCOVERER 14 


UA 


18 August 


1960 


First mid-air oapeule recovery 


COURIER IB 




4 October 


1960 


First active repeater Comsat 


V08I0K1 


USSR 


12 AprU 


1961 


First manned space flig^ 


TftANffiriA) 

mnmi > 

80LSADS ) 


UA 


29 Jane 


1961 


First nuclear power siqiply 

(SAMOSS) 
First trifle laundi - U^. Navy 


OSCAR 1 


UA 


12 December 


1961 


First amateur radio operators 
satellite 


ItBBCUET 


UA 


20 Febtucry 


1962 


First i;.S. manned orUtal qpaoe 
fUg^ Mm B. Olettn 


ASKLl 


UAAIJK. 


IS AptH 


1962 


Joint USAJK iooospbario 


mtaCUM*ATLA8 7 


ITA 


^94 May 


1962 


AU AQBA 7 « Scott Cttpenter 


TBXJBfieASlt 


VA 




1M2 


Active repMter Comsat 




USSR 
VSBft 


U AugUt 
12 Attgntt 


1962 
IMS 


A.iaMi9ev«»64ortilte 1 groi9 
P.Ptdpovteb- 48 orUto f fB^ 








1969 


First CanaAan MtttBte 








IMS 


SRaiA 7t W« S^toSt ft ofWte 
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N8xn6 


Coimtrv 






llATnATlcfl 


ANNA IB 


U.S. 


31 October 


1962 


Geodetic satellite 


None V 

TN.TfTN S J 

None } 
None 1 
None / 


U.S. 


12 December 


1962 


First five satellite launch 






Ifi lUfav 
X9 iuajr 




VATTIf 1 1 tl nnrmAi* 99 n-rtiite 
f AlXn If XJtVJTt V^tiO|IOI^9 OXTKIliO 


VOSTOK 6 
VOSTOK 6 


USSR 
USSR 


14 June 
ifi Juiie 


1963 
1963 


V« Bykovsky - 81 orbits I group 
V TerfiflhkDVA - 48 orUta t fliolit 


SYNCOM 2 


U.S. 


26 July 


1963 


First suooessftil synchronous 


POLYOT 1 


USSR 


1 November 


1963 


First ^paoeoraft with extensive 
maneuver capability (Soviet 

UAttUuJ 


TRANSIT 5BN 


U.S. 


6 Oeoember 


1963 


SNAP 9A nudear power stqiply 


TIROS 8 


U.S. 


21 Oeoember 


1963 


Contained automatic picture 
transmission T.V, camera. 

Rfihimed wftafhfti* nletiirnB 

of Earth. 


SECOR 1 


U.S. 


11 January 


1964 


1 of 6 satellites in mult^Ie lamudi 


ELECTRON 2 


USSR 


30 January 


1964 


Soviet dual laundu 


COSMOS 38 ) 
COSMOS 40 ) 




XO AUgUB» 




IPf fgf QotvtA^ W*fvi1a lAiMiWh 

f xfofc 0wvx8» fcX^jJio munon > 


SYNCOM 3 


U.S. 


19 August 


1964 


First geostationary synoliranoiis 
comtnunloatioii satellite* 


NIMBUS 1 


UA 


28 AagDBt 


1964 


First sateUtte in NIMBUS meteo* 


VOSKHOD 1 


USSR 


12 OoWber 


1964 


I^rst 8*man crewt Vt Koniuovt 
K» FedklstoVf B« Tegorovt 16 

OffUtS* 


MABDtER4 


UA 


28 Noveidter 


1964 


BBtnned 21 i^bolos of Mars 


8ANMABC01 


US/My 


IS DBCMOiter 


1964 


nrst llaaini MMOite 


VOGHOBOD 2 


USSR 


18 Mircii 


198S 


A« tJ&tttM S|>BPt ten mionlBS out^ 
elds oi|MftUs 


OSMOU 8 


UA 


28 Mansii 


1988 


V* Gflssoiii tnSi J« Tcungp fimt 
manttsd citMUl maneuven^ 




UA 


8 Apm 


1886 


SditMi 

vies iimtiBBd June 88^ xww 


MCHJdTAlA 


USSR 


28 Aftll 


1888 


mtm^^tk i^^^i^A ^^^^^^^ 

jnm oDvw» wiisii' 



m 



Appendix I— SIGNinCANT SPACE lAUNCHES 



Name 


Country 


Date 




Remarks 


aEMINl4 


U.S. 


3 June 


1966 


J. MoDivitt'and E. H. White. 
White performed 21 minute 
EVA ejqperlment, 66 orUts. 


COSMOS 71 
COSMOS 72 1 
COSMOS 78 
COSMOS 74 1 
COSMOS 76 


> USSR 


16 July 


1966 


First Soviet five-satellite lauiudi 


PROTON 1 

» 


USSR 


16 July 


1966 


Heaviest Soviet payload. "Physics 
Lab" aooording to Soviet 
releases. 


Z0MD3 


USSR 


18 July 


1966 


Uraosmltted pictures taken of 
Moon during Lunar flyby. 


GEMINI 6 


U.S. 


21 August 


1966 


First extended U.S. manned space 
flight, L.O. Cooper and C. 
Conrad landed after 128 orUts. 


MOLNITAIB 


USSR 


14 Oototor 


1966 


Second Soviet oomsat USSR^rance 
oonmnnlGatlaB link. 


VENUS 2 


USSR 


12 November 


1966 


Passed Venns February 27, 1966 
no data 


VENUS 8 


USSR 


16 November 


1966 


Impacted on Venus - no data 


A 1 


France 


26 November 


1966 


First Frenob satellite 


OEBflNI 7 


U.S. 


4 Deoember 


1966 


F. Borman and J. Love11« 220 
orbitSp served as rendezvous 
target for Gemini 6. 


GEMINI 6 


UA 


15 Deoember 


1966 


W. ScUrra and T. ^afford vrifUn 
one foot oC Gemini 7t 17 ortdts. 


LUNA 9 


USSR 


81 Jeuuery 


1966 


First pbotos firam sorteoe ol ttie 
Moon. 


E8SA1 


UA 


8 Febrouy 


1966 


nrst operationai melsat 


OfiMim 8 


VA 


16 Mereb 


1966 


N. Armstroflig and D. SooCt initial 
oooaiiH VBRf lanoeo aner o«o 
or nns ooe so snort ououiiv 


LUNA 10 


USSR 


81 Mtttih 


1966 


First i^mar urauer 


GSM1NI9 


UA 


8 t^ub 


1966 


T. Slattord sod S. Ceman 
tteodatvoss and BVA tests 
penonneOy w urutiSe 



CWI9 1 
PCSP 1 

ID089P 6 
7 



OA 



Orsvlly 



IMS 7 inftltli 



^0 



NAVY SPACE AND ASTRONAUTICS OIUENTATION 



Name 



Country 



COSMOS 122 


USSR 


G JIINI 10 


U.S. 


LUNAR ORBITER 1 U.S. 


GEMINI 11 


U.S. 


LAMBDA 4S1 


Japan 


GEMINI 12 


U.S. 


ATS-B Fl 


UA 


INTELSAT n-F2 U.S. 


IDCSP 8 \ 
9 ) 
10 / 
U I 

12 / 

13 \ 

14 1 

16 / 


UA 


D IC 




D ID 




COSMOS 144 


USSR 


INTSLSAT D-FB U^E^ 


IDCSP 16 
IDCSP 17 
IDCSP 18 
IDCSP 19 

DODGE 1 




DA18 

UB-S ' 





Data 
25 June 
18 July 



1966 
1966 



12 September 1966 
12 September 1966 

26 Sq[itember 1966 
11 November 1966 
6 December 1966 

11 Jamtazy 1967 



Remarks 

Metsafc launch seen by Oeneral 
De QauUe 

Rendezvoused witti Gemini 8 and 10 
targetSi J. Young and 
M. Cblilns. 46 orbits. 

First idiotcs of Moon from Moon 
orUt. 

C. Conrad and R. Gordon per- 
formed initial first doddng, 
47 orUts. 

Failed to orUt; first atten^it to 
laumdi Japanese satellite. 

J. Lovell and E. Aldrin sucoessftil 
EVA tests, 68 orbits. 

First oomsat to test air*to-gro un d 
and air-to-air oommunication 
via ssteUite. 

Transpsoific com muntcation ser- 
vice Initiated Jannary 1, 1967. 



18 January 1967 in orUt: initial defense 

oanununicaticn satellite* 



8 February 1967 QeodeUo sataOite 
16 February 1967 Duplicate of D IC 



28 "Fetamary 1967 
22 Itattih 1967 



Metsat: similar to Cosmos 122 

C onip lel es nrt elsst n co mmuni 
ticn system 



1 JUj 



1967 



FHPSt 

DBF 



to 

Vttt 



ht m mas t 
iftimplD 



APPENDIX II 

GLOSSARY 



Ablation.— The removalofsnzfaoematerial 
from a body liy vqiorinttoiif molting^ oUppiii^ 
or otter erosiiw process; qpeolficsHy> ttie intOD- 
ttooal removal of material from a lioae oooe or 
spaoeoraft during Idgli" speed movement flironi^ 
a planatary stmosptere to oool fbe Qoderljfl^ 
atraotnre. 

Aoqnlaltion*!— 1. Tto prooess of looallng 
tte orUt of a satellite or trajeolory of a apnoe 
probe so fliat traddng or tetemrtry data oan 
te gaOiered. 2. Tte prooess at potadtaig an 
antema or te l e s cop e so that tt is properly 
oriented to dloif giltefliig of tradklag osr te* 
lemefacy data from a satellite or ^paoe proto. 

Aeroapaoo«--i. OC or p er tsinii % to boBi 
tte Barft^ atiiasjji e i'e and spnoe, as in msn^ 
spsoe indnstrles. 8. fiarOiHi eiiv«kpe oC air 
and ap aos iliove it; tte two oonsldered as a 
singes realm for siMvlly is tte tOffiit d sir 
veUidss and In tte lannbUng« gf Wtiiitfft and 
oonlrol of temstlo missltos» Bartt Sitemtes, 
firlglble jpaon veUdles^ and tte Bto. 

(A ei ' Oip s oe In sense 2 is aned primarily By 
tte u A Air Pwoe.) 

la fln iBtorIm OoMixj ABnipaM ttoiiitcedllad 
1968 «t tt» Air VttHMQr. MtZMOn Air fwoa 



Alpbft Daeay.^^ faJtoaunte 
laaBoa ct a maOUB fegr 




At^a Fftttlela.'^A iwamiay 
raov snRMB USB ne nsnnHi oi 




positive diargB equal in mapiitade to 2 e- 
leotronio diwgea; tenoe it is eaaentially a 
teltmn nnoleua (telinm atom s tri | iped of its 
twQ planetary eleotrons). Compare hata narti* 
clOa gamma ray* 

Amerioan Bpbomeria and Nautical 
Almanae.— An annual pahiioation of tte VA 
Naval Ohs er v ator y, onntiiining daterafee tdUee 
of tte preActed positions of variooa celestial 
bodlee and otter data of use to aatronomera 

BeSSS* vrltt tte edtttcss for IMO. Tte 
American ^p tem e rls and NantioA Almanac is- 
sued by tte Nautical Almanao Offlceg United 
siaies Navu uoBervnwryf ana xne Aairouoinicai 
B|temerls i ss u e d hjf Hjl^ NsuUoal Almanac 
OfHoe> Royal Qreentiob Ohservatory« awm ud— 
fled* Witt tte esoepHon of a few latroduototy 
pageSf 1DB vwo puinicaiiuns sre laennoais may 
are prlnled sepagafte^i in tte teo ouiinlrleai 
from repiududhie matwrlal prapared partly in 
tte mdled Slataa of America and partly in Ite 
United fOn^dODu 



Aaggtronu^A 
la enrasMsg itert 



^ 11 



Aphelloa.— Ttaa paiat ia a aoiar 
afclcft tt moat iWitwit fHwii tta ftM 

fa aaBBd j pffr lh tiBfla. 



A > ofa?» -'l« ttat 
octR aMdi ia 
ttaft otittd pout 



ft a 




NAVY SPACE AND ASTRONAUTICS ORIENTATION 



Argument* — In astronomy, an angle or arc, 
as in argument of perigee. 

Argument of Perigee.— In celestial me- 
chanics, the angle or arc, as seen from a 
focus of an ell4[rtical orbltp from ttie ascmdli^ 
node to tte closest qifnroadi of fl» orbitii« 
My to HbB focus. The an|^ is measured In 
the orbital plane in the direotion <rf moUoQ 
aftheorUtlnglxx!^. 

Ascending Node. — That pcdnt atirtddia 
plrjt, planetoidt or comet crosses to tte nortti 
rxde of the ed^itios ttat point at irtiicA a satdli^ 
crosses to flie norOi side of te equatorial ptam 
of its primary. Also called norOdbound nods. 
The opposite is descenOng node or souOdiouiMl 
node. 



Asteroid.— One of Oe many small 
lestial bodies r sfo triug around te Sun, most 
of fbs orbMs being betaresn those of Mars snd 
Jq^ter. Also osIM planetoid, mfnor plnst. 

Tte term minor planet is prstsrred by many 
astronomers but asteroid continoes to be used 
in astitjuofflical Uterature* napwilally attrflte* 
tiiroly, ss in asteroid bdt* 

AU asteroids wHL determined orbRs (eaoepc 
for a few <Bi w f w e d during WoiAd War n) 
are numbered for Identification in the order 
of their dtooofWy* The Epbemsrldes of fim 
llin» PIsaots prttished by te USSR Academy 
Of oQMioes jw ail nnmnerao asanoiai, cMaa 
couu er idug ttesit sttd their pradtoted positlona« 
Tne oauy posimwm ok me nrst nor miaor 
ptanw are laiaiiaimi m ma AmencsB ^pnemB^ 

ana iiaiHitfai. AmuBao* onam nave 
datermiaBd for amHiadmaialy 1700 

Aateroldi hSM aames aa ^mSk m 
Tte namea are aaaally ftwlaliai but 
n a nin a have bstti usad for astarofdli doMsr 
to or fafUisf wnf llram tta Stoa ttaa 
tte Bw iju fWy . Tte llfat asiafQid to te gyvan 
^ «wioi ^«wi aay^ (4«l| wm tta Urat 
to te ^teoovsratf iHrtde tts otMl of Itarav 
Tte Drafaa 
TiPOfaaviart am 

As^odyimttiefc-^C te pwrti iwt 

Mdi to 





Astronaut. — 1. A person vrtio ridea in a 
space vehicle. 2. ^lectflcally, one of fiie test 
pilots selected to partict^mte in Project Mercury, 
Prpject Gemini, Project ApoUo, or any otter 
United Statea program for manned apace fli^it. 

Astronautics.— 1. Tte art, aUU, or ac- 
tivity of operating spaoeoraft. 2. In a broader 
sense tte sdence of space fliglit. 

Aatronomioal Uiiit.(abbr AU)iHl. Aunit 
of laogtt, usually defined aa tte diatanoefromtte 
Eartt to tte 9nn. 148,699,000 Ukmietera. 

This vahie for tte AU vraa derived from radar 
cAservationf of tte diatanoe of Venna. Tte 
value given in aetrocomical eptemerides, 149, 
600,000 kUmneters, was derived frmn obaer- 
nations of tte miaor plaaet Eros. 

2. Tte unit of dIata aMintermaof ntddw 
in tte Keider ndrd Law, ar a* -ir (1 4 m), tte 
senrimalor aaOa ^ti. an dlli^tical orUtmuatte 
esfireaaed in order ttat tte numerical value of 
tte Qanaaian conataat k may te 
0.01720900895 uten tte anit of time ia 
ep teni e ris day. 

In astroiwiinU.ial unlto, tte mean iBatanoe of 
tte Bartt from tte Sun« ealculaled by tte Kq^lar 
law from tte obaervodi mean motion n 
\ mt ia 1.0000000s. 



a; noaphare.— 1« Tte envetape of air 

niMiiMfttig SuA; atoo tte bo^y of gaaea \ 

fonadbog or oomprHrtng any planet or otter 
o^lestial boil^» 



Atmospheric Entry.— Tte p ane tr attun of 




Atomic Cloolu^A 

tr eilad ly fltegraq^mwyotiteaalartf vibrgHoBi 
ofcartata<^ 



Atoaie llMt.--lte 




Appendix n— GLOSSARY 



Attltvde.— The position or orientattoa of 
an alToraft, QMoeonft. eto., eillier in moUon 
or Mt r eet, determined by ti» relatlonsh^) 
Iwtwoeii its MM and wime rg te rw ii oB m»»«> or 
plane or some fl»d syetem of referenoe aites. 

Aurora,— Tbe aporadlo radtant wnlnion 
from flw opper atmoepbere over middle and 
Ugli latitudea. R is believed to be dee primarily 
to the emiaaion from nitrogen, atomic NX and 
Nn, motooolarl^, andiOBlol^ 4; atomio oogrgen 
01 and ami atomio aodtnm ^al); Oe bydrnqrl 
radical (OT); and bydrofan. 



Avrornl Zone*— A roni^ olroalarband 
aroand etaier feomaiMtio pnie aboveirtdolifliere 
ii ft mairtmn m ot anroral aottvltj. It liea eboot 
10* to IS* of gwwiagwtlo latitade from Hie 



The anroral aooe braadene and 

Tke iwi'Omcb wifffrai is 



ataOK n 



loiwy MU of BMMB Bay. iB^I^ off tte 
1^ of Qreeiilead, Ihi'cim^i loeiand* 
Koifway and Horgi em sntada. Akiv 
mxMM are Men on an cferan of 
S40 n year, ite fra^MHy of «nratae lUli 
off tntt to tbB tortt and to tte soalhaf ttie 
Una Ml more rtftSfy to Oe aoatt. tbe meet 
M aua w— oooer m ns Mroral 



Ballietle Body. A bo^ ftee to move 

te^^^^|feJ■^^ » — — ■ ^ ^ — — ■ - ■■ * - - 



oltti 

cf tti fNprtfeMli fost flfltor fMMi| niBdki II to 
gftstti 



Bandwldthe—1. In an antenna, the range of 
freqpenolea wittdn which its performanoe. In 
* reqpeot to some oharaotariatlOt conforms to a 
spedfiod atandarde 2. m a wave, the leaatfre- 
cpwncy tntarval outside of which tte power 
MpBctavm ot a ttme-varjing qoanttty ia everjr- 
where teaa ttian aome spedfled fraction of ita 
▼■hie at a referenoe freqimipjr, 3. The number 
ctf^rdM per second between Vtm limits <tf a 
fre^pMiqr band* 

Sense 2 pemdti flie speelKam to be less 
ttian tbe specified fraction wlttdn tte interval. 
Unless otherwise stated. fbB reference freqoency 
is fliat at which tte apectrom has its fnA^mnin 
valne* 

4e In information Oeory* the information 
carrying ovaoity of a oommonicatlana diannsle 

Ban^A unit of pressure equal to 10^ dyne 
per square oentlmeter (l(f baxye). 1000 mil- 
libarst 29«68 IndM of mercury. 

Barn (aUbr b)«^A unit of areaftxr measnriK 
a nnolear cross seotlon. One bam ecioals 10^ 



Beam Widtlu^A measure of fliecoDoen- 
tratlon of power of a Arecttonal safteuuu R is 
the sng^ m degrees sidMendad at the antenna 
tgr srtitrary power»lsv«l poinis serosa the sxta 
of flie beanu TUs power lewd is usuallj te 
prtot whers tte power density Is one-4iaS fliat 
iddch is pi'cseul in Oe aida of flie beam at 
flie Sams dManos fkom the aitesia Oialf -^lower 
polali). Also o«Iied besm si^ite. 

Ite besm wldb of a radar d st sindu e s fln 
minimum amdar sepsrattdn wUcb two tarnls 
can hate and sttn ba rewoMe BomMr •poddiv, 
two targals si tbB ssme range whoae angular 



hdr offltoi 

arm be tesoNed or dMbvdghaHe'tt two iiidi« 

. _ ^ thar 



yy n at o anef e ui looMiQue ninnpi toe axle 
Ltte ihi p e of OeaBtoBBareQeotar. 



Be nt F r« qnenoy.— Ito 



tx and f; 



BftllvM. '^A Otoe* 




Bete Disitttefretlott.- 
BMft B^r» ^^"fiay<— A i 



NAVY SPACE AND ASTRONAUTICS ORIENTATION 



Binary. — 1. Involving fiie Integer two (2). 
2. « Unary oell. 3. « tjinary star. 

Binary Code. ~ A oode OQmposed of a 
oomUnation of entities each of wbldli oan assume 
one of two possible states. Eaoh entity most be 
identifiable in time or spaoe. 

Binding Energy.— l.TheforoewUcbholds 
mbleoulest atoms* or atomio particles togettier; 
8peolfioally» Vbe tone which holds an atomic 
mudeos togettier. 2. The energjr respired to 
break chemical, atomic, or molecular bonds. 

Bioastronautios. — The Btady of biologi- 
cal behavioral, and medical problems pertaining 
to astronautios. This includes systems fdnotion- 
ing in tte environments expected to be found in 
space, and tte ccoditioos on celestial bodies ottier 
than on Earth. 

Boiling Point.— (aUbr bp). The tempera- 
ture at wfaidi ecprilfbrlmiA vapor pressure between 
a liquid and its vapor is equal to the external 
pressure on flie lic|Bid« 

Boiloff.— The vaporisation of aliqidd,8U(di 
as Uquid oxygen or liqald hydrogen, as its 
t emperatur e reaches its taOiag point under 
o op oiu ops OE ua pos ur et as m tne vanK ot a 
rocAet being readHed for laiiiwlii 

Boost.—!. AddltlOBid poiver, prsMRiref or 
fone sn^^Ued by a booster^ as hjfdraiilio boost, 
OT extra propulsion given a Hjpiifg vehicle during 
lUb^cflE, dHmb^ ot oQisr part of its fBI|^ as wifli 
a booster equine. 2. Boost pressure. S. To 
si^psroiiarjs. a^ to lannwi ot w pnsn swugcaufing 
a poctloft of 1B0^ as toboont araiii]ettoflls{^ 
speed by tisians of a rotdDstf or a rudUBt boosted 
wo smuaw wna aiaaiwir rooHSC 

0oos»er.«x*x. snore lor uuusier — "g*— ot 

Booster Sttfine.^Aa sngfaie, aspsdally 
a booaie r roAet» fiiat adds tts Ihrnsi to fte 
ttmt of OB MMiter Mgte. 

d«o«t«r Rooket.'-l. A netot molor, 

W IM B I SniUI OT MHfuUi$ WBK WBSISw WB HMiUiai 

pnpiilsHo mvtem ot sustaiSOT of a 

in mtt fla naiore aiaiWaii' twnjae tsfess ovsr. 
la Mate t tts tsm lausrih vvtddls fit pnttrred* 



Braking Ellipses.— A series of ellipses, 
decreasing in size due to aerodynsmic drag, 
followed a spacecraft in entering a planetary 
atmosidiere. 

In ttieory, this numeuver will allow a space- 
craft to diss^iate the heat generated in entry 
wittiout burning up. 

Bremsstrahlung Effect.*-The emis- 
sion of eteotromagietic radiation as a ooose- 
qnence of the acoeleration of diarged elementary 
partioles, such ss electrons, under the infhienoe 
of ttie attractive or repulsive foroe fields of 
atomic nuclei near which the charged particle 
moves. 

In oosmlo-*rsy shower production«bremsstra- 
hfamg effects give rise to emission of radiation. 
The bremsstrahhmg effect is merely one instance 
of ttie general role that eleotromapwtio radi- 
ation is emitted only when eleotrie diarges 
undergo acceleration. 

C 

Calorimeter^ — An instrument designed to 
measure beat evolved ot absoitod. Csknimeters 
are us ed in some pysheliometBrs. 

Capsule.— 1. A boxUke component or unit, 
often sealed. See aneroid. 2. A small« sealed» 
preiaurliod cabin witti an internal environment 
which win s u pp ort life in a man ot animal 
during extreme attttnde fll^spsoefH^it, 
OT emergsnqr escape. See ejection capsule. 

The term spaoeoraft is prefer red to c^isiile 
flbr any man^oarryiag vehi<Je. 

S. A container carried on a rodset ot space— 
oraft^ as an instrument capsule boldhig Instru— 
nienm mnenoBa w oe reoovereo suer a iiign»w 

Cardiovascular .^Ftrtahtfng to ths hesrt 
sndttebioodvesn^. 

Cartesian Coordinates^A ooordlnats 
sjsieui m wmon me Mooaiions oi lawnui m space 
are ei^resssd by reference to three plsnes, 
called oooriBaate planea, no two of vrttfoh are 

TUB mree pmnes luieisuof m nnwe siraigiK 
llnea> caOsd cutinllaate axea. The ooordtnale 
planes and coosdfaiate axea interseot in 
a oonunon poirtli called fte ^^'^g^. From any 
pottit P in ^pace threa stra^^ Unas may be 
urawiif eaon ok wnton w paraiMti vo one ca 
tta ttree u o oi 'd t s ate l^tum . n A. B. C. dBnota 
ftese polwta of fsferaaofiont Oe Caitealan on* 



m 

A/S' 



Aiipendlx n-^aLOSSABY 



ordlMtes of P are fbe distances PA, PB, and 
PC« If tbe coordinate axes are mutually perpen- 
dloular, Ibe coordinate system Is reotio^Bulart 
otherwise, oUlqoe. 

Cathode.— In an electron tube, anelectrode 
tfarou^ wlil6h a primary stream of electrons 
enters the Intereleotrode spaoe. 

Celestial Body.— Anyaggregatlcmofma:^ 
ter In space constltaUiq( a unit for astronomical 
stu4y, as the Sun, Moon, a planet, comet, star, 
nebular, etc. Also oaUed heavenly bc^y. 

Celestial Coordinates.— Any set of 
coonUnales used to define a pdnt on the celestial 
sphere. The horljian, celestial eqaator, ecl^itie, 
and galactic systems «f celestial coordtaiates 
are based on flw celestial horixcn, celestlsl 
equator, ed^^ and galactic* equator, 
reqiectttely, as the primary great droie. 

Celestial Bquator.— The prlmsry great 
drols of the celestial qphere In ttie eqaatorial 
qrstem, everywhere 90* from tte celestial poles; 
fha Intersection of Oe esbttided jplane of the 
•ystor and the o«lestial sphere. Also called 

Celestial Z*fttitnde.— Ai^pilar distance 
north cor sooOi of Oe edUptic; Oe arc of a 
droie of latltnds betsesn flw eoli^ and a 
pobit on ftas celestial sphere. meas nr ed n ui' B i wan l 
or sooOnrard from Oe sol^lic OroiM^ 90*, 
and kbsled N or 8 to inttoate tte Axeotica 
of lussStti'eMiBBU 8se eolQitio system of ooordi«> 
nales. 

Celestial Line of Posi«ion,— A Has 
of posifion determined by dbservatifln of one 
(or more) oelestisl hodtos. 

Ceiastinl Longitude,'— Aivdsr dlstaaoe 
sast of Ob fsmal ^qpfiKwr, slang flis imWpttff; 
Oe are of Oe edlplio or tte angle at flw edMlo 
pole be muum hs ciwls of lalBade of flie vernal 
sftfttoat Slid ite dMift df latlluidb of apoit^t «n fl» 
o«lMttil svbns. ineiMred eastward ficun flis 
oto^ d isttttds 9$. tts ««Msle«ittai^ flivoi^ 



CelestlU M9<»liftflies.^Ths tto^yof Oift 
taory of flie mottM» «f dSlBiiiil Met under 
tb» iiifiMMis of gmmttttisi tum^ dm one- 



Celestial Meridian«— A graat ^^^Irole of 
the oelestial spbere, tfarou|^ the oelesi'ol poles 
and the mdtfae 

The ejqpression usually refers to tbe upper 
branohf that half of the great eircle from pole 
to pole v/bldh passes throu^ the zenith; the 
other half being ttie lower tarandu The oelestial 
merioan ooinoides with the hour circle throug^i 
the senlth and the vertioal cirde tiirou^ the 
eleyated pole. 

Celestial NaTigation.— The process of 
directing a craft from one point to another by 
reference to oelestial bodies of known coordi- 
nates. 

Celestial navigatioo usually refers to the 
process as aoooooplished tqr a human operator« 
The same process accomplished automatically 
by a machine is usually tended oelestial goid- 
ance or sometimes aotomatlo oelestial nayigatioii. 

Celestial Observations— Di navigatton, 
the measurement of the altitude of a celestial 
body, or the measurement of admuttit or 
measurement of both altitode and ^rftnit^ ii. Also 
oalled slglhts 

The eapression may also be qiplied to ttie 
data obtained by sooh measurement. 

Celestial PoU—Bittier oftfaetwopoints 
of f|nterseotian of the didestial sphwe and ttie 
extended axis of file EarOi, labeled N or S 
to indicate wheOer ttie north celestial pole or 
fiia sooOi oelestial potoe 

Celestial 8phere«--Animi«lnary sphere 
of infinite radtas oonoentrto wifli the EarOi, 
on wUch sn oelestial bodies exoept fiie BarOi 
are assumed to be pro j eeted. 



Celestial Triangle. qpberioal tri- 
sng^ on file oelestial sphere, espeoially tbe 
lunlgaaonal trlaai^. 



Centrifugal Force. — The apparent foroe 
in a totallag qrstam, defleoting masses mdially 
outward from flin mdn rf wtntwi, wHk TMtgmtn^ 

pet nnltnasa ir By where x^is file angular speed 
of rotation; and R Is fiie nrifas of ennmtnre of 
flif pilhe Uris tnagnitttae may also be wrtttsnnn 
V7R, ^fti terms off the llMnr speed V« IMs fiiroe 
Cper toilt mass) In eqal and opposite to file oen- 
tt»e lil^ see dinnrttDni Also oaUed oentrttegal 
s oo fl l e raHu ns 
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The oentrlftigal foroe on the Earth and at- 
mosphere due to rotattOD about the Earth*s 
axis |0 Inooxporated wifli ttie field of gravis 
tattoa to form the field o( gravity* 

Centrifuge.— l^)ecifloal]y, a large motor- 
driven ^niuatus witii a long arm at tfie end of 
vAd6h fanman and animal anbjebts or eqaipmrat 
oan be revohred and rotated at various speeds to 
simulate (very olosely) ttie (prolonged) aopelera- 
tlons enoountered in h^-performanoe airoraft^ 
rooketSyandspaeeoraft Sometimes oalled astro- 
nantio oentrlftige. 

Centripetal Aooeleration,— The ao- 
oeleratlon on a partiole moving in a curved 
pattt direoted toward the instantaneonii crater 
of curvature of tte pafiit wifli magnitnrtB v^/K, 
vrhere x ^ ^ speed oC Ito particle and Rthe 
radius c( ourvatnre of ttie paBu This acceler- 
ation is equal and opposite to fbe oentrlftigal 
ftorce per unit masst. 

Chain Reaction^— A reaction inirtiidi one 
of tte agents neoeesary to Oe reaction is itself 
prodwed fey Ite reaction* thus causing like 
reactions* 

In tte n e utr qiH fl sslon ohain reaction^ 
a nsntron strUdng a fissionable atom causes 
a fission releasing neutrons vAdoh cause oBier 
fissions* 

Circular Velocity/- At any spedflo 
distance from the primary, the orbital velocity 
recpired to mstntsln a oonstant-radlns orbit* 

Ciroumlunan-^Aroond tte Moon, gpnsr* 
aUy appUed to trajootories* 

Cislunar .--(Latin ois, on fUs side)«Of or 
pertaining to pbenottienat proJeolSt or activity 
in tte flpaoi brtween 9m Earih and Mcoiit or 
uoiweeu me Eann sno me noon's ornv* 

Closed Bological Systenu— A system 
fliat pMVldM tn tte maiiilftMnoe of Hfe in sn 
isdslsd ltvln( ciiaihli^r Bihim^i oomplete 
mntHttaMad of tte mslerlil avalliblet inpsr- 
tleidari by imsbs cf a nhwrtn eadialed 
oaftMst diostd^t ttyiHUi and ottsr Wiste matter 
are ot i n f m e d ciswiliialty ^ tqr ptotusyutte sis 
isto oafygtttt, Vfstsoi^ sad floods 

Ootttastioii mstaMUtyt^Uiisteadlaess 
or steOBniialtty in Os coMfitwistlon of fkitflf ss 
may ooouTf s«g«» is s ruo tot eBgln>i» 



Comet.— A luminous member of the solar 
system conq^iosed of a head^ or coma» and 
often Witt a spectacular gaseous trail extending 
a great distance from the head. The orbits 
of ocmiets are hi^y elliptical. 

Command ControL— A system wfaeretqr 
fimotions are performed as tte result of atrans-- 
mitted sipial. 

Command Destruct.— Aoommandoontrol 
system ttat destroys a flig^tbome test rocket, 
actuated on command of thr range safMy officer 
ivhenever the rocket pe- nnce indicates a 
safety haeard. 

Command Guidance Thir guidance of a 
spacecraft or rocket by mei v of electronic 
signals sent to receiving devlow in tte vehicle. 

Communications Satellite,— A satel- 
lite designed to reflect or relay electromagDetic 
signals used for communioation. 



Conio#--1# A curve formed by tte inter- 
section of a plane and a ri^ circular cone. 
Originally oalled conic section* 

The conic sections are the eUipee, tte pa- 
rabola, and tte hyperbolat curves that ard used 
Uh'desoribe tte p«^ of bodies movtaig in space. 

The olrole is a spedsl case of tte ellj^MW, 
an BtUpBB vdtt an eccentricity of sero. 

The conio is the locus of sH points tte 
ratio of vfbose distances from a fixed point» 
called tte fbcust snd a fixed linot called tte 
directrix. Is constant. 

2. In reference to satellite orbttal parameters^ 
wlttout consideration of tte perturbing effects 
of tte actual dupe or distrlbntkm of mass of 
tte primary. 

Thus, conio perigee is tte perigee tte sslelf» 
fits would have If all the mass of tte primary ymre 
coneentrstsd st its center. 



Conservatioa of Angular Momen* 
turn.— The f f ln g l pl^ ttat ibsointft ttgni^ mo- 
mentum is a inraperty nhitili caauot te ofeitsd or 
d s iiruy e d but os a oiay te teusttet^ 
physioal sysleiu to anofter ttita^j^i tte agHia3y 
of a iNf toiH|u e on tte sjfstem. As a oonsecpmoet 
a^bsoSote angidsr mottesfuuk of sn isotsftid 
pnysioai sysuuu renuons oonscsm* 

the prino^le of ouoservallon oC an isditod 
momentum oan be derlvsd from tte IMHton 
second Isir of motion. 
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Conservation of Energy.— Tbe princi- 
ple ttiat tfao total energy of an isolated system 
remains constant If no Interconversion of mass 
and energy takes place. 

Conservation of Mass.— The principle 
in Newtonian mechanics which states that mass 
cannot be created or destroyed but ovty trans- 
ferred from one volume to anofiier. 

Conservation of Momentum.— The 
principle that in the absence of forces abscflute 
niomentum is a property which cannot be created 
or destroyed. See Newton laws of motion. 

C osm 1 o. — Of or pertaining to the universe, 
especially that part of it outside the Earth's 
atmosphere. Used hy the USSR as equivalent 
to space, as in cosmic rocket, cosmic ship. 



C 0 s m i o D u s t. — Finely divided solid matter 
with particle sizes smaller than amiprometorite, 
thus with diameters much smaller than a milli- 
meter, moving in interplanetary space. 

Cosmic dust in the solar system Is thou^t 
to be concentrated in the plane of the ecliptic, 
thus causing the zodiacal li^ht. 



C OS m i q R a y s.— The aggregate of extremely 
hi^-energy subatoniic particles which travel 
the solar system and bombard the Earth from 
all directions. Cosmic-ray primaries seem to 
be mostly protons, hydrogen nuclei, but also 
contain heavier nuclei. On colliding with atmoa- 
pheric partioles they produce many different 
kinds of lower energy secondary cosmic radi- 
ation. ' '■■.■ 'V^' 

Cosmic rays thought to originate outside 
the solar system are called gidactic cosmic 
rays. Those thought to : originate^ 
are called solar cosmic rays, ^ ^ r 

In the Earth's atmo^iherei the maximum 
flux ot cosmic rays both primary and secondary, 
is at an altitude (^^^^^ and belo]w this the 

absori^mXbt tbe atin -redudes ti^ flux, 

thbuf^^^ :f^^ ue tUl : r6^uii^ it 
sea level, ri^tinu^ 

jalsb teen bbsenndd to ys^ ; Attitude, toing 
more intense at tte pciles. 



7 / C ri i^l q iirii § ? 8«Ir- Tl^ wapi^^ conoen- 
trafted jtissibii^ 
a Sel^«u8taining 



Data-Acquisition Station.— A ground 
station at which various functions to control 
satellite operations and to obtain data from 
the satellite are performed. 



Data Link,— Any conmiunications channel 
or circuit used to transmit data from a sensor 
to a computer, a readout device, or a storage 
device. 

Data Processing. — Application of pro- 
cedures, mechanical, electrical, computational, 
or other, whereby data are changed from one 
form into another. 

Data Reduction. — Transformation of ob- 
served values into useful, ordered, or simpilified 
inforn^ation. 

Datum.— Any numerical or geometrical 
quantity or set of such quantities which can 01 
serve as a reference or a base for measure- 
ment of other quantities. 

For a group of statistical references, the 
plural form is data; as geogeographic data 
for a list of latitudes and li^tudes. Where 
the concept is geometrical the plural form 
is datums; as in two geodetic datums have 
been used. 

Datuni Line.— Any line which can serve 
as a referencia or base for the measurement 
or other quantities. 

Datum Plane.— A plane fnun which angular 
or linear measurements are reckoned. Also 
balled reference plane. 

Datum Point.— Any point which can serve 
as a reference or base for the measurement 
of other quantities. ^ 

D e c ay. — Decrease of a radioactive sutotance 
because of nuclear emission of alpha or beta 
jparttcles, ppsitroins^ br gamma rajns. See radio- 

:aotiyity._'\:;:;^^^^^^^^^ ' v.".' 

In '.t^ the emission 

of a j9^a:|rtic|ej causes radi- 

j oaottye: !;intp a^ d^^ element of the 

sanie atbmdic wei^t aia the parent element but 
of atomic number hl^r 1. 
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Descending Node.-*That point at wbidii 
a planet, planetoid, or comet crosses to tbe 
south side of the ecliptic; that point at which 
a satellite crosses to ttie south side of the 
equatorial plane of its primary. Also called 
southbound node. The opposite is ascending node 
or northbound node. 

Deuterium.— (symbol D, d) A heavy isotqpe 
of hydrogen ha^rtng one proton and one neutron 
in the nucleus. 

Dipole.— 1. A system composed of two, 
separated, equal eleo^c or magnetic charges 
of opposite sign. 2.>adipole antenna. 

Dipole Antenna.— A straic^ radiator, , 
usually fed in the center, and prodhioing a mari- 
mum of radiation in the plane normal to its axis. 
The length spebifled is the overall length. 

Common usage is nilocwave antennas con- 
siders a dipole to be a metal radiating struc- 
ture ^ch supports a line current distribution 
similar to that of a thih^ stralglit wire, a half 
wavelength long, so energized that the current 
has two nodes, one at each of the far ends. 

Drag.— (symbol D). A retarding force acting 
upon a body in motion through a fluid, parallel 
to the direction of motion of the body. Itisa 
component of the total fluid forces acting on the 
body. 

E 

Earth Satellite. — A bod^ that orbits 
about tlie Earth; specifically, ah artificial siatellite 
p^oed in orbit man. 

Ecliptic. —The ain^ieireht amiual pi^^^ 
the Sun among the stars; the intersection of 
the plane of the Earth^s orbit with the oe- 
'lestiid'Eq^iM^ ■ - ■ ■ ' .• • 

' is a^ffreat oirole of the ce- 

lestial sphere inclined at an angle of about 
23^7* to the celestial equator. 

' 1 E bj9l o'g iAal S^^^ 
ment,1ditHer orei^ iiurtlflbaU 

ooouri^ natari^ 

""^■^enyl^^ in 

mulh^ 6^ iindtt^ r a^ 

'■'enviMin^^ -v-n, .. ^ 



Ideally the environment furnishes the sus- 
tenance for life, and the resulting waste products 
revert or cycle back into ttie environment to be 
used again for the continuous support of life. 

Ejection Capsule.— 1. In an aircraft or 
manned spacecraft, a detachable compartment 
serving as a ooclqpit or cabin, which may be 
ejected as a unit and parachuted to the ground. 
2. A satellite, probe, or unmanned spacecraft, 
a boxlike unit, usually containing recorded instru- 
ments or records of observed data, which may 
be ejected and returned to Earth by a parachute 
or other deceleration device. 

E -Layer.— A division of the ionosiAiere, 
usually found at an altitude between 100 and \ 
100 and 120 kilometers in the E-region. It j 
esdiibits one or more distinct maximums and ; 
sharp gradients of firee electron density. It 
ii9 most pronounced in the daytime but does 
not entirely disiqnpear at night. Also called : 
El - Iflyer, Kennelly-Heaviside layer, or Hea- 
viside layer. 

- There is some evidence to indicate a second 
layer above the normal E-layer located at 
about 150 kilometers, and called the Ei -layer. 

Entry Corridor. — Depth of the region 
between two trajectories which define the design 
limits of a vehicle v\^oh will enter a planetary ; 
atmosphere. 



Envelope.— 1. Of a variable, a ourvewliloh 
bounds the values vi^ch the variable canassume, 
but does not consider possible simultaneous | 
occurrences or oorrelatloDS between different 
values. 2. The bounds within which a oertaln 
system can operate as a flig^ envelope, es- 
peioially a graphio representation of these bounds 
showing inter-relationships of operational para- ^ 
-meters.: ^ ''O 

. ' ' I 

' Epheme A pieri- 

bdioal pibiicatlon tabulathig the predicted ! 
pMittpns of celestial bcxiies at regular intervals, 
sudi^^ M^^^ data i 

interest tip' tto as 



Epoch. — A particular instant for which 
pertain data are yaUd, as the data for which an 
astronomiofd calalc^e iis conqi^ 
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Equinox.— 1, One of the two points of 
intersection of the eoliptio and the celestial 
equator, occupied the Sun when its decli- 
nation is 0^ Also called equinoctial point. 

That point occupied on or about Maroh 21, 
when the Sun's declination changes from south 
to north, is called vernal equinox. March equinox, 
or first point of Aries; that point occvqpied on 
or about September 23, when the deolination 
changes from north to south, is called autumnal 
equinox, September equinox, or first point of 
Libra. 

Equinox is often used to mean vernal equinox, 
when referring to the origin of measurement of 
rig^t ascention and celestial loiqjitude. 

2. That Instant the Sun oootqpies one of the 
equinoctial points. 

Exosphere.— The outermost, or topmost, 
portion of the atmosphere. Its lower boundary is 
the^critioal level of esoape, variously estimated 
at 500 to 1000 kilometers above the Earth^s 
surface. Also balled region of escape. 

Extragalactic— Outside our gala;^, 
which is the Milky Way. 

F 

Facsimile.— In eleotrical oonununioations, 
the process, or the result of the process, by 
which fixed graphic material including pictures 
or Images is canned and the Information converted 
into signals whidh are used either locally or 
remotely to produce in record form a likeness 
(facsimile) of the subject copy. 

Fahrenheit Temperature Scale (abbr 
F).— A temperature scale with the ice point at 
32* and the boiling point of water at 212^ 

Conversion with the Celsius (centigrade) tem- 
perature scale (abbr C) is by the formula: 
F-9/6C + 82. 



First Point of Aries.— Vem^ equinox. 
First Point of Cancer.— Summer solstice* 
First Point of Capricomus. — Winter solstice. 
First Point of Libra.— Autumnal equinox* 



First Quarter.— The phase of the Moon 
when it is near east quadrature, when the western 
half of it is visible to an observer on the Earth. 



F ission.— The splitting of an atomic nucleus 
into two more-or-less equal fragments. Fission 
may occur spontaneousty or may be induced by 
oiqpture of bombarding particles. In addition to 
the fission fragments, "neutrons and gamma rays 
are usually produced during fission. 



Fix^— In navigation, a relatively accurate 
position determined without reference to any 
former position. It may be classed as visual, 
sonic, celestial, electronic radio, hyperbolic, 
loran, radar, etc., depending upon the means 
of establishing it. 



Fraunhofer Lines.— Dark lines in the 
absorption spectrum of solar radiation due to 
absorption hy gases in the outer portions of 
the Sun and in the Earth*s atmosphere. 



F-Region.— The general region of the iono- 
sphere in ^ch the Fi -layer and F2 -layer 
tend to form. 



Frequency Band.— A continuous range of * 
frequencies extending between two limiting 
frequencies. ^ 



Specific frequency bands used in radio and 
radar are often des^ated by names, numbers, 
or letters. The band designations as decided 
upon the Atlantic City Radio Convention of 1947 
and later modified by Comite Consultatlf Inter- 
national Radio (CCIR) Recommendation No. 142 
in 1953 are: 
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Frequency 
Band 


— ' Approximate 
Fraquenoy 

Range, 
gigaoyoles 


Approximate 
wavelength 

range 
oentlxneters 



P-band 


0.225 


to 


0.39 


140 


to 


76.9 


L-band 


0.38 


to 


1.55 


76.9 


to 


19.3 


S-band 


1.55 


to 


5.20 


19.3 


to 


5.77 


X-band 


5.20 


to 


10.90 


5.77 


to 


2.75 


K-band 


10.90 


to 


36.00 


2.75 


to 


0.834 


Q-band 


36.00 


to 


46.00 


0.834 


to 


0.652 


V-band 


46.00 


to 


56.00 


0.652 


to 


0.536 



Note that band N extends from 0,3 x 10** to 
3 X LO** oycles; thus band 4 deslmates the fre- 
quency range 0*3 x 10^ to 3 x 10^ oyoles. The 
upper limit is included in each band; the lower 
limit is exoludede 

Description of bands by means of adjectives 
is arbitrary and the CCIR recommends that it be 
discontinuede 



The designation ELF^ extremely low frequen* 
cy* has recently been proposed for the band 
extending from 3 kiloQy<fles down to 1 oyole per 
second. These frequencies have been used for 
years in the study of lightning and associated 
phenomena and may be useftil in communicating 
with spaoecrafte 



The frequency bands used by radar (radar fre* 
quenoy bands) were first designated by letters for 
mUituy secrecy. Those desipiattons were: 



Band 


Frequency 


Metric 


Atlantic City 




No. 


Range 


SubdivlBion 


frequenoy 






Waves 


subdivision 




4 


ko 3^ 


30 Myrlametrio 


Very-low 


VLF 


6 


30- 


300 Kllometric 


Low 


LF 


6 


300- 


3*000 Heotometrlo 


Medium 


MF 


7 


3,000^ 


30*000 pecametrlc 


High 


HF 


8 


30- 


300 Metric 


Very-hls^ 


VHF 


9 


300 


3»0Qi0 Deotmetrlc 


Ultra-hiiih 


UHF 


10 


3,000 


30*000 Centlmetrlc 


Siqper- " 


SHF 


U 


30.000 


300*000 MilUmetrlc 


Extre. " 


EHF 


12 


300,000 


3,000*OOiDi DecimiUiinetrlc 







The C-band, 3.9 to 6.2 gigaoyoles, overlaps 
the S. and X-bands. These letter desingattaas 
have no official sanction. 
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Frequency Modulation (abbr FM). — 
Angle modulation of a sine-wave oarrier in which 
the instantaneous frequency of the modulated wave 
differs from the carrier ^quency an amount 
proportional to the instantaneous value of the 
modulating wave, 

Com W na t ton s of phase and frequency modu- 
lation are commonly referred to as frequency 
modulation. 

Fuel Cell«— 1. A fuel tank, especially' 
one of a number of fuel tan'Ev, In an air- 
plane^s wing; alsoi a oompartmeut witiiin a 
fuel tahk« 2. A device vdiioh oonvex*^ chemical 
energy directly into electrical energy out differing 
from a storage battery In that the reacting 
chemicals are si^plied continuously as needed 
to meet output requirements. 



X-rays occur in the same energy range as 
ganuna rays hut are of nonnudear orighi. 

In atmospheric eleotricityi gamma rays are of 
some importance in contribute to atmospheric 
ionizationy along with aliAa particles and beta 
particles. Qamma-ray photODS have much greater 
penetration ranges than do alpha and beta par- 
ticles, often amounting to distances of the order 
of a hundzied meters in air at sea leveL These 
^vt^g^i^nprgy photons may Initiate their ionizing 
-^tion fay ejecting photo-electrons from neutral 
atoms or molecules of the air, \iy ejecting elec- 
trons fay the Comptoneffecti or (for gammaphotons 
with energies above a few million electron volts) 
by pair production in which an electron and a 
positron are created. 



g or Q. — An acceleration equal to the ac- 
celeration of gravity, 980,665 centimeter per 
seoond-per second, approximately, 32.2 feet per 
second at sea level; used as a unit of stress 
measurement for bodies undergoing aoceleratlcn, 

Qain — !• A general term used to denote an 
increase in signal power in transmission from 
one point to another, Qain is usually es^ressed 
in decibels and is widely used to denote trans- 
duoer gain, 2. An increase or amplification. In 
radar there are two general usuages of ttie term: 
(a) antenna gain, or gain factor, is the ratio of 
the power transmitted along the beam aids tothat 
of an isotropic radiator transmitting the same 
total power; (b) receiver gain, or video gedn, 
is the amplifloation given asignalby the receiver, 

Qaiaxy.~A vast assemblage of stars, nebu- 
lae, eto„ oonq^iog an island universes^arated 
from other such assemblages Iqr great distanoes. 

The Sun and its family of planets is part of a 
galaxy conomonly called the Blilky Wiqr. The 
nearest galaxy to the Milky Way is the spiral 
galaxy Andromeda at a distance o{ approximately 
800,000 light years, 

Qamma Ray,*— A quantum of electromagnetic 
radiatioin emitted by a nucleus, eaoh suoh photon 
being emitted as the result of a quantum tran- 
sition between two energy levels ^ the nucleus. 
Qamma r«ys have energies usually between 
10 thousand electron volts and io million electron 
volts with hl|^ frequencies. Also called gamma 
radiation* 



Q as.— The state of matter in which the 
molecules axe practically unrestricted inter- 
moleculaJr forces so that the molecules are 
free to oooyspy any space within an enclosure. 

In vacuum technology the word gas has been 
loosely q)plied to the nonoondensaUe gas and 
vqpor within a vacuum system, 

Qeooentric— Relative to the Earth as a 
center; measured from the center of the Earth, 



Qeodesy,~The science vMch deals math- 
ematically with the size and shape of the Earth, 
and the Earth's external gravity field, and with 
surve3rs of such precision that overall size and 
shtqpe of the Earth must be taken into con- 
sideratioxu 



Geodetic Datum,-* A datum consisting of 
five quantities, the latitude and longitude and 
elevation above the reference Sfdieroid of an 
initial point, a line from this point, and two 
constants n^oh define the reference sidieroid. 
Azimuth or orientation of the line, given the 
longitude, is determined Xsy astronoxnic obser- 
vations. Alternatively, the datum may be con- 
sidered as three rectangular coordinates fixing 
the origin of a coordinate system whose ori- 
entaticn is determined Xjy the fixed stars, and the 
reference spheroid is an arbitrary coordinate 
surface of an » orbiting ellipsoidal coordinate 
system. 

A geodetic datum forms the basis for the 
conq;Mitation of horizontal control surveys in 
which the curvature of the Earth is q^nsidered. 
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Gravitation.— * The aoceleratioa produced 
hy the mutual attraction of two massdSi directed 
along the line Joining their centers of masses, and 
of magnitude inversely proportional to the square 
of the distanoe between the two centers of mass. 

This acceleration on a unit noass has the 
magnitude Q{m/T% ^ere m is the mass of 
the attracting body, v i9 the dEitance between the 
centers of mass, luid G is the gravitational 
constant equal to 6.670 x 10-® cm? /gram see^ 

In the case of masses in the Earth's grav^ 
itatloxMjl field, m p the mass of the Earth, 
equal to 5.975 x ffJ^Vc^* However, the rotation 
of the Earth and atmosphere modifies this field 
to produce the field of gravity. 

Great Red ^pot.-*An oval feature in the visible 
cloud surface of Jupiter, at latitude 20® to 25® S. 
It is about 25,000 miles long in the planet's east- 
west direction, and about 7000 miles wide in the 
north-south direction. It is c^n reddish in color, 
but may be i/^te or grey, or nearly invisible 
compared to its surroundings. 

The neig^hboring oloud matter seems to pass 
around it on the northern side, producing the so- 
called Red ^pot Hollow, by which it may be 
detected even when Xbe spot itself is invisible. 
Its rotation period averages 9 hours, 55 minutes, 
38 seconds (very nearly the same as the rest of the 
planet), but varies enou^ so that through the 
years since its discovery in 1878 it has made 
more than one complete revolution with respect 
to the underlying planet. 



H 

Half Life. — The average time required for 
one half the atoms in a san^le of radioactive 
element to decay. 

The half life t^. is given 1^ 

=(In2)x 
where x is the decay constant. 

Hard Landing. An intact landing of a space- 
craft on the surface of a planet or natural satel- 
lite destroying all equipnoent except possibly a 
very rugged package. 

Heavy Cosmic-Ray Primaries. — The posi- 
tivety charged nuclei of elements heavier than 
hydrogen and helium up to atomic nuclei of iron. 
See cosmic rays. 

These heavy atomic nuclei comprise about 
1 percent of the total cosmic-ray particles and ^ 
less than 4 percent of the total positive charges. 



Heavy Water.-^ Water in ^ch the hydrogen 
of water molecule consists entirely of the heavy 
l^drogen isotope of mass 2 (deuterium). 

Written DaO. Density, 1.1076 at 20"^!. It is 
used as a moderator in certain types of nuclear 
reactors. « 

The term is sometimes ifiplied to water 
whose deuterium content is greater than natural 
water. 



^ Greenhouse Effeotr-*The healing effect exerted 
by the atmosphere upon Oe Earth l^. virtue of 
the f act fliat the atmosphere (mainly, its water 
vapor) absorbs and reemits infrared radiation. 
In detail: the shorter wavelengths are trans- 
mitted rather freely throu(^ the atmosphere to be 
absorbed at the Earth's surface^ The Earth then 
reemits this as long-wave (infrared) terrestrial 
radiation, a portion of vAdch is absorbed by the 
* atmosphere and again emitted (see atanbsj^ric 
radiation). Some of this is emitted downward 
baok to the Earth's surfaoe (counter radiation). 



I^Suit or GHSuit.— A suit that exerts pressure 
on the abd o men and lower parts of the bo(ty 
to prevent or retard the ooUeotion of blood 
below the ohest under positive acceleration. 



Hei|^t (symbol h).— 1. Vertical distance; the 
dia^hnce above some reference point or plane, as, i 
height above sea level. See altitude. 2. The verti- 
cal dimension of anything; the distance which : 
something extends above its foot or root, as i 
blade hei^t. 



Helical Antenna«~An antenna used where 
circular polarisation is required. The driven 
element consists of a helix siqpported above 
a ground plane. 

Herts, (abbr Hs).— The unit of frequency, | 
cycles per second. | 

Hohmann Orbit.-* A minimum energy transfer { 
orUt. i 
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Hyperbola* An open curvewifhtwobranohes, 
all points of vMdti have a constant difference in 
distance from two- fixed points called cocuses. 

Hyperon. — In tbe dassificatioii of subatomic 
particles according to mass, tbe heaviest of such 
particles. Compare lepton, meson, nudeon. 

Some large and highly unstable components of 
cosmic rays are hyperons. 

Hypoxia* Oxygpn want or deficiency; any 
state vAiereln a physiologically inadequate amount 
of oxygen Is available to, or utilized by, tissue 
without reqpeot to cause or degree. 



Igniter.— A device used to begin ccrabustlon, 
such as a spark plug in the combustion chamber 
of a Jet engine, or a squib used to ignite the fuel 
in a rocket. 

Inclination.-— 1. « magnetic dip. 2. (symbol 
1). The angle between the plane of «an orMt and 
a reference plane. 

The equator is the reference plane for geo- 
centric orbits and the ecliptic Is the reference 
plane for heliooentrlc orbits . 

Inertlal Coordinate 33fstem.— A system in 
which the (veotor) momentum of a particle 
is conserved in the absence of external forces. 
Thus, only in an inertlal system can Newton 
laws of motion be appropriately qipU^* 

When relative coordinate systems are used, 
moving with respect to the inertlal system, 
apparent forces arise in Newton laws, such 
as the ooriolis force. 

Inerttal Guidance.— Quldance by means of 
the measurement and Integration of acceleration 
from wltblh ttie craft. 

inertlal Navigation;— Dead reckoning per- 
fomed automattoally by a device ii^oh gives a 
c^bnuous indication of position by inti^atibn 
of aocelsrattons since . leaving a starting point. 

Vlutor' PlfMts; Tb^ fom pUuaets MarMt 1^ 
SimrMer^^ 



International Geophysical Year (abbr IGY) 
By international agreement, a period during which 
greatly increased observation of world-wide geo- 
physics phenomena is undertaken through the 
cooperative effort of participating nations. July 
1957 to December 1958 was the first such year; 
however, precedent was set by the International 
Polar Years of 1882 and 1932. 

Ion.— 1. A charged atom or molecularly bound 
group ci atoms: somettoies also ft free electron 
or other charged subatomic particle. 

An ion pair consists of a positive ion and 
a negative ion (usually an electron) having 
charges of the same magnitude and formed from 
a meutral atom or molecule by the action of radia- 
tion. 

2. In atmospheric electricity, any of several 
types of electrically 6harged submiorosoopic 
particles nonnaUy found in the atmosphere^ 
Atmospheric ions are of two principal types, 
small i<»is and large ions, although a class of 
Intermediate ions has occasionally been reported. 

The ionization process which forms small 
ions depends upon two distinct agencies, cosmic 
rays aiul radioactive emanations. Each of these 
consists of very energetic particles ^ch 
ionize neutral air molecules by knocking out one 
or more planetary eleotnxis. The resulting free 
electron and positlvety charged molecule (or 
atom) very quipkly attach themselves to one or, 
at most, a small number of neutral air molecules, 
therein forming new small ions. In the presence 
of Aitken nuclei, some of the small ions will 
in turn attach themselves to these nuclei, therein 
creatihg new large ions. 

The two main blaisses of ions differ widely 
in mobility. Only the hl|^ mobile small ions 
contribute signlficantty to the electrical conduct- 
ivity of the air under most conditions. 

'nie intermediate ions and large ions are 
importttit in certain space charge effects, but 
are too slufjlish to oontribute much to conducti- 
vity. The processes^bf formation of Ions are<xffBet 
by certdn processes of dbstructlon of ttie ions. 

3. to ohemis^, aton^ sjpeoific groupings 
of atoms ^^bh bAVQ^ or lost one or more 
eleotrpEUB, as, the bhloride ion or mwmrtninin ion. 
Such loiob exist in aqpieous solutions andlnoertaln 
biTStal struct^^ 

Ion Engbid.— A reaction engine in vMch ions, 
aocelezated in an eleotrostatlo field, are used 
as prq|»ellant. Also called electrostatic engbie. 
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iBOStasy.— A 6i9P06ed equality existing in 
vertioal seotioas of the Earth, . wherel^ the 
wei|^t of any oolunm from the surface of the 
Earth to a oonstant depth is i^roxlmately the 
same as that of any other oolumo of equal area, 
HbB equilibrium be^ maintained by plastio flow 
of material from one part of the Earth to 
another. 

Isotope.— 1. One of several nuclides having 
the same numbef of protons in their nuclei, and 
hence belongh&g to the same element, but differing 
in the number of neutrons and tberofore in mass 
number A, or in energy content (isomers). For 
examide, eCa # eO 7 • and eCe are carbon 
isotppes. Small quantitative di^renoes inbhemi* 
oal prcqperties exist in isotopes. 2. A radio- 
nuclide or a preparation of an element with 
special isotopic composition (allobar) as an 
article of commerce^ so called because of the 
principal use of such materials as radioactive 
tracers. 3. In oommcm usage, a synonym for 
nuclide (not recommended). 



J 



Janmiing.— Intentional transmission or re* 
radiati<m of radio signals in such a way as to 
interfere with reception of desired signals by 
the intended receiver. 

Jetavator.— A control surface that may be 
moved into or against a rooket's Jetstream, 
used to change tiie direction of the Jet flow 
for thrust vector oontr61. 



Jet Engine.— 1« Broadly, any engine that 
ejects a Jet or stream of gas or fluid, obtaiidng 
all or most of its thrust by z^aotion to^^ 
eJeotion./2. I^peoilioklly, an airoraft iem^^ 
derives all or mioist of ito, jHbrust by reaction 
to its ejeptlbh of heated 
air) in a Jet and tiiat 6btali» the 
atmosj^ire for the oomlm 
outside air for^l^ in tito. oii^^^ 

nuclear' Jet engine), diieitin^^ 
from a rocket engine. A jet eiiguie 
.may lutve a compressor, pmoo^^ 
driven, to take>^ 1^ 

or. it mi^ be bcm^rMMrlM ai^ 

coioqpresslng air by other iMa^ 

Jet). 



Jodrell Bank.— The site of a large radio 
telescc^, located near Manchester, England; 
by extension, the radio telescope itself. The 
radio telescope has a parabolddal receiver 
250 feet in diameter, 60 feet deep. 

K 

Kepler Laws.— The thjree empirical laws 
governing the motions of planets in their orbits, 
discovered lay Johannes Kepler (1571 - 1630). 
These are; (a) the orbits of the planets are 
ellipses, with the sun at a common focus; (b) 
as a planet moves in its orUt, the line Jolntag 
the planet and Sun sweeps over equal areas in 
equal intervals of time (also called law of equal 
areas); (0) the squares of the periods of revolu- 
tion of any two planets are proportional to the 
oubes of their mean distances from the Sun. 

Kilometer (abbr km). A unit of distance in the 
metric system. 

1 kilometer « 3280.8 feet » 1093.6 yards 
B 1000 meters « 0.62137 statute miles « 
0.53996 nautical miles. 

Kinetic Energy (symbol E).— The energy 
whic^ a body possesses as a consequence of its 
motion, defined as one-half the product of its mass 
m and the square of its speed v, ^mv^• The 
ffiietlc energy per unit volume oTa fhiid parcel 
is thus ^pv , where p is the density and v 
the speed of the parceL ^ 

For relativistio speeds the kinetic energy 
is given hyt - mo^ - moc ^ 

where 0 is the velocity of li^t in a vacuum, 
mo is^fhe rest mass, and m is the moving 
mass. ^ 

Knot*— A nautical mile per hour, 1J.508 
statute miles per hour. 

Lift. —(symbol L) 1. That component of the 
total aerod^amio force aoting on a body perpen- 
dicular to the undisturbed airflow relative to the 
bo4y. 2. To lift off,totakeoftin a vertical ascent. 
Said of a rocket vehicle. 

Lig^t.— Visible radiation (about 0,4 to 0.7 
micron in wavelength) oonsidered in terms of 
its luminous effloienoy, i^e., evaluated in pro- 
portion to its ability to stimulate the sense of 
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Lig^t Tixne,— The elapsed time taken 
eleotromagnetio radiation to travel from a ce- 
lestial bo4y to tbe observer at the time of 
observation. 

The American ^phemerls and Nautical Alma- 
nac uses a U^t time of 498.9 seconds for 1 
astronomical unit. 

Lig^t-Year.— A unit of length used in e^qpress- 
ing stellar distances equal to the distance eleotro- 
magnetio radiation travels in 1 year, lliglit-year 
» 9.460 X 10^ kilometers » 63,280 astronomical 
units = 0.3063 parsecs. 

Longitude.— 1. Angular distance, along a pri- 
mary great circle, from the adopted reference 
point; the angle between a reference plane throu^ 
the polar axis and a second plane throug^i that 
axis. 

Lox.— 1. Liquid oxygen. Used attributively 
as in lox tank, lox unit. Also called loxgen. 

^ *^ ^ a rocket vehicle 
with Uquid oa^gen. Hence, loxing. 

Lunar Day.— 1. The duration of one rotation 
of the Earth on its axis, with respect to the 
Moon. Its average length is about 24 hours 
50- minutes of mean solar time. Also called 
tidal day. 2. The duration of one rotation of the 
Moon on its axis, with respect to the Sun. 

Lunar Distance.— The angle, at an observer 
on the Earth, between the Moon and another 
celestial body. This was the basis of a method 
formerly used to determine longitude at sea. 

Lyman-Alpha-Radiation. — The radiation e- 
mitted by hydrogen at 1216 angstrom, first 
observed in the sdar spectrum hy rocket-borne 
spectrographs. 

Lyman-aliiha radiation is very important in 
tbe heating of the vpper atmosphere thus affecting 
other atmospheric phenomena. 



Maoh«Maoh Number.— Some writers use 
Maofr as a unit of speed equivalent to aMaoh 
nuniber of l.00« as a egeed of Maoh 3.1. 



Maoh number (symbols M, N Ma).— (Pro- 
nounced Mock, after Ernst Maoh, 183S-1916. 
Austrian scientist.) A number expressingthe ratio 
of the speed of a body or of a point on a body 
with respect to the surrounding air or other fluid, 
or the speed of a flow, to the speed of sound in 
the medium; the speed represented hy this 
mmibex^. 

Magnetic Declination.— in terrestrial mag- 
netism; at any given location, the angle between 
the geographical meridian and the magnetic me- 
ridian; that is the angle between true north and 
magnetic north. Also called declination, and in 
navigation, variation. ^ 

Declination is either east ot west according 
as the oompass needle points to the east or 
west of the geogri^hical meridian. 

Lines of constant declination are called iso- 
genic lines and the one of zero declination is 
called the agonic line. 

Magnetic Deviation.— The angle betweei tbe 
magnetic meridian and the axis of a oompass 
card, e>q[>ressed in degrees east or west to indi- 
cate the direction in which the northern end of 
the compass card is offiset from magnetic north. 
Also called deviation. 

Magnetic Dip.— The angle between the hori- 
zontal and the direction of a line offeree of the 
Earth's magnetic field at any point. Also called 
magnetic inclination, magnetic latitude, inclina- 
tion, dip. 

Magnetic Field.— 1. A region of space ixiieiein 
any magnetic dipole would experience a magnetic 
force or torque; often represented as the geo- 
metric array of the imaginary magnetic lines 
of force that exist in relation to magnetic poles. 
2. » magnetic field intensity. 

Magnetic Fieldlntensity.— The magnetic force 
exerted on an imaginary unit magnetic pole placed 
at any^ specified point of space. It is a vector 
quantity. Its direction is taken as the direction 
toward vdiich a north magnetic pole would tend 
to move under the influence of the field. If the 
force is measured in dynes and the unit pole 
is a cgft i22Kit pole, the field intensity is given in 
oersteds. AJsp called magnetic intensity, mag- 
netic field, magnetic field strength. 
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Magnetosphere.— The region of the Earth's 
atmosphere where ionized gas plays an impor- 
tant part in the dynamics of the atmosphere and 
where the geomagnetio field, therefore, plays 
an important role« The magnetosphere begins, hy 
convention, at the maximum of the F li^er at 
about 350 kilometers and extends to 10 or IS 
earth radii to the boundary between the atmosphere 
and the interplanetary plasma on day side, 100 
Earth Rao on ni^t side. 

Megacycle (abbr Mo, mc)«— One million cy- 
cles; one thousand kilooycles. The term is often 
used as the equivalent of one million cycles 
per second. 

Milky Way.— The galaiqy to which the Sun 
belongs as seen at n^t from the Earth, the 
Milky Way is a faintly luminous belt of faint 
stars. 

Missile.— Any object thrown, drppped, fired, 
launched, or otherwise projected with the purpose 
of striking a target. Short for balllstio missile, 
guided missile. 

Missile should not be used loosely as a 
synonym for rooket or spacecraft. 

N 

NACA (abbr).— National Advisory Committee 
for Aeronautics. The predecessor of NASA. 

NASA (abbr).— National Aeronautics and SpBoe 
Administration. 

Nautical Almanac.— An annual publication of 
the U.S. Naval Observatory and H. M. Nautical 
Almanac Office, Royal Greenwich Observatory, 
listing the Greenwich hour angle and decli- 
nation of various celestial bodies to a precision 
of 0.1 mmute of arc at hourly intervals; time 
of sunrise, sunseta moonrlse, moonset; and other 
astronondcal information useful to navigators. 
Prior to 1960 separate publications were issued 
by the two observatories entitled the American 
Nautical Almanac and the^ Abridged Nautical 
Almanac. See American Ephemeris and Nautical 
Almaniao. 

■ . ' • ^ . '. 

^ Noutlbal Mlle.- A unit of distance used plrin- 
cipally in navigation. For praotioal navigation 
it is usually considered the length of 1 minute 
of any -great drole most commonly used. Also 
called sea mile. 



Because of various lengths of the nautical 
mile in use throughout the world, due to 
differences in definition and the assumed size 
and shape of the Earth, the International Hydro- 
graphic Bureau in 1929 proposed a standard length 
of 1852 meters, whiohis known as the international 
nautical mile. This have been adopted by nearly 
all maritime nations. The U. S. Departments 
of Defense and Commerce adopted this value on 
July 1, 1954. With the yard-meter relationship 
then in use, the international nautical mile was 
equivalent to 6076.10333 feet. Using the yard- 
meter conversion factor effective July 1, 1959, 
the international nautical mile is equivalent to 
6076«11649 international feet. 

Navigation.— The practice or art of directing 

the movement of a crcdCt from one point to another. , 

Navigation usually implies the presence of a ; 

human, a navigator, atx>ard the craft. Conqpare 1 

guidance. j 

Newton Laws of Motion. — A set of three funda- 
mental postulates forming the basis oi the 
mechanics of rigid bodies, formulated Newton 
in 1687. 

The first law is concerned with the principle 
of inertia and states that if a body in motion is ; 
not acted upon by an external force, its mo- 1 
mentum remains constant (law of conservation ] 
of momentum). The second law asserts that the | 
rate of change of momentum of a body is proper- t 
tional to the force acting upon the body and is | 
in the direction of the applied force. A familiar ; 
statement of this is the equation. 

F » ma 

where F is vector sum of the iqn>Ued forces, m 
is the mass, and a is the vector acceleration 
of the body. The Slird law is the principle of 
action and reaction, stating that for every force 
acting upon a bo4y there exists a corresponding 
force of the same magnitude exerted hy the 
body in the opposite direction. 



Noise.— 1. Any undesiredsound. By extension, 
noise is any unwanted disturbance within a useful 
frequency band, such as undesired electric waves 
in a transmission channel or device. 

When caused Iqr natural electrical discharges 
in the atmosphere, noise may be called static. 
2. An erratio, intermittent, statistically ran- 
dom osculation. 3. In electrical circuit aiutlysis 
that portion of the unwanted signal vdiioh is 
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statlsttoally random, as distliigulBhed from hum, 
HiAiloh is an unwanted signal oocurrlng at multi- 
ples of the power-supply frequenoy. 

If amUgulty exists as to the nature of the 
noise, a^ase suoh as acoustic noise or eleotrio 
noise should be used. 

Since the above definitions are not mut^ally 
exclusive, it is usually necessary to depend on 
context for the distlnotion. 

Nose Cone.*- The cone-shaped leading end of a 
rocket vehicle, consisting (a) of a chamber or 
chambers in ^ch a satellite, instruments, 
a nim a l s, plants, or auxiliary equipment may 
be carried, and (b) of an outer surface built 
to withstand hig^ temperatures generated by 
aerodynamic heattng. 

In a satellite vehicle, the nose cone may 
become the satellite itself after, sepaflitlng f^om 
the final stage of the rocket or it may be used 
to shield the satellite until orbital speed is 
accomplished, then separating from the satel- 
lite. 

Nozzle (symbol used as subscript).—!. 
A duct, tube, pipe, spout, or ttie like throu^ 
^ch a fluid is directed and from the open 
end of which the fluid is discharged, desi^d 
to meter flie fluid or to produce a desired 
direction, velocity, or shape of discharge. 2. 
Qpecifically, that part of a rocket tiunist chamber 
assembly in iHdiloh the gases produced in the 
chamber are accelerated to hi^ velocitieB. 

Nucleus.— 1. The positively charged core 
of an atom with which is associated practically 
the vdiole mass of the atom but only a minute 
part of its vohmie. 

A nucleus is composed of one or more 
protons and an ^^proximately equal number 
of neutrons. The atomic number Z of the element 
indicates the number of protons in the nucleus. 
The mass number A of the etement is the sum 
of ttie protons and neutrons. 



Observed.— In astronomy and navigation per- 
teining to a value vidiich has been measured in 
contriuBt to cm v^(^ 

Orbit.— 1. The path cif a ix)(4y or particle 
under, tto inauenoe o^ or other 

tQJS». ;¥qT toB the orbit of a bejiestlal 
body is Ito jpiath relative to anotlier bodly a^ 
ii^tih it revolves. . 



Orbit is commonly used to designate a closed 
path and trajectory to denote a path which is not 
closed. Thus, the trajectory of a soundins rocket, 
the orbit of a sateUite. 

2. To go around the Earth or other body in 
an orbit, sense 1. ^ 

Orbital Elexnente. — A set of parameters de- 
fining the orUt of a body attracted a central, 
inverse-square force. 

/ 

Orbital Period*— The interval between suc- 
cessive passages of a satellite through the 
same point in ite orbit. Often called period. 

Otolith.— A small calcareous concretion lo- 
cated in the inner ear which plays a part in 
the mechanism of orientation. 

Otolith Organs.— Structures of the inner ear 
(utricle and saccule) which respond to linear 
acceleration and tilting. 

Outer Atmosphere,— Very generally, the 
atmosphere at a great distance from the Earth's 
surface; an approximate synonym for exos^re. 

Outer Planete.— The planeto with orbite 
larger than that of Mars: Jupiter, Saturn, Uranus, 
Neptune and Pluto. 

Ou^t.— 1. The yield or product of an acti- 
vity furnished by man, machine, or a system. 

2. Power or energy delivered an engine, 
generator, eto. 3. The electrical signal ^ch 
emanates from a transducer and which is a 
function of the applied stimulus^ Conq;>are ii^nit. 

Oxidizer (symbol o, used as subscript).— 
specifically, a substance (not necessarily contain- 
ing oxsrgen) that supports the combustion of afUel 
or propellant. 

^ The cniantlty represented by the signal may 
be given in terms of electribal unite, freauenov. 
or time. 

Ozonoephere.— Th4 general stratum of the 
upper atmosphere in which there is an appreciable 
ozone cohoentration and in v^ch ozone plays an 
important part in the radiation balance of the 
atmosphere. This r^on lies roughly between 
10 and SO kilometers, with maximum ozone 
conoentrati(m at about 20 to 2S- kilometers. 
Also called ozone layer. 
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Pad. ^Launch pad. 

Parabola.— An open ourve all points of ^vhioh 
are equidistant from a fixed point, called tbe 
focus, and a straigbt line. 



Parseo (abbr po).— A unit of length equal to 
the distance from the Sun to a point having 
a heliocentric parallax ci 1 second (1**), used 
as a measure of stellar distance. The name 
parseo is derived from tbe words parallax 
second. 1 parseo » pc 
- 3.084 X 10^ kilometers 
« 206,265 astronomical units 
s 3.262 light^yeats. 

Path.— 1. Of a satellite, the projection of 
the orbital plane on the Earth's surface, the 
locus of the satellite subpoint. 

Since the Earth is turning under the satel- 
lite, the path of jtf^single orbital pass will not 
be a closed cu^. Path and track are used 
interchangeably. On a cylindrical mapprojection, 
the path is a sine-shaped ourve. 

2. Of a meteor, the projection of the trajectory 
on the celestial sphere, as seen by the observer. 

3. « flig^tpath. 

Payload.—l. Originally, the revenue-pro- 
ducing portion of an aircraft's load, e.g., pas- 
sengers, cargo, mail, etc. 2. By extension, that 
which an aircraft, rocket, or the like carries over 
and above what is necessary for the operation of 
the vehicle for its flight. 

Perigee.— That orbital point nearest the 
Earth when the Earth is the center of attraction. 
See orUt. 

That orbital point farthest f rooi the Earth 
is called apogee. Ferigde and apogee are used 
by sonie. writers^ in referrtag to orbits of satel- 
lites, espeoiaUy arttficial satellites, around any 
planet or satellite, thus ayoicUng coinage of 
viBw terxns for each planet and Moon. . 

I^riheU(m.--T 

. Is iieiBfra8t;the S^ 

ti^' o^^ 

of^d Bj^pdh y perihelion should 

not l^^ confused with parb^bn; a form of halo. 



Period.- 1. The interval needed to complete ; 
a cycle. 2. » orbital period. 3« Specifically, the 
interval between passages at a fixed point of a 

given phrase of a simple harmonic wave; the ; 

reciprocal of frequency. 4. The time interval ! 

during which the power level (flux) of a reactor i 

changes by a factor of s (2.718, the base of natural ! 

logarithmus). \ 

Perturbation.— 1. Any departure introduced ; 

into an assumed steady state of a system, ; 

of a small departure from a nominal path such ; 

as a desired trajectory. Usually used as eqoiva- i 

lent to small perturbation. j 

2. Specifically, a disturbance in the regular ; 

motion of a celestial bodty, the result of a force 1 

additional to that which causes the regular ! 

motion, specifically, a gravitational force. 1 

\ 

Hioton.— According to the quantum theory of I 

radiation, the elementary qtmantity, or quantum, \ 

of radiant energy. It is regarded as a discrete | 

quantity^^having a momentum equal to hv/c,where< | 
h, is Planck constant, is the frequency of the 

radiation, and o^is the speed of li(^tin a vacuum. • 
The photon is never at rest, has no electric 
charge and no magnetic moment, but does have 
a spin moment. The energy of a photon (the 
unit quantum of energy) is equal to hv. 

niotosphere.— The intensely bright portion ; 
of the sun visible to the unaided eye. 

Planet. — A celestial body of the solar system, \ 
revolving around the Sun in a nearly circular 
orbit, or a similar body revolving around a star. ; 

Plasma.— An electrically conductive gas 
comprised of neutral particles, ionized parti- > 
cles, and free electrons, but which, taken as 
a whole, is electrically neutral. 

A plasma is further characterized by relativ** ; 
ely large intermolecular distances, large amounts ^ 
of energy stored in the internal energy levels of j 
the particles, and the presence of a plasma j 
sheath at all boundaries of the plasma. ! 

Plasmas are sometimes referred to as a ; 
fourth state of matter. 

Plasma Engine.- A reaction engine using ? 
magnetically accelerated plasma as propeUant. 
A plasma engine is a type of electrical engine. 

PliBisma Rocket.- A rocket using a 
plasma: engine. Also called electromagnetic robk- 

et;'--' 
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Preoessioa.— Change in fhe direction of the 
axle of rotatton of a spinning body, as a gyro, 
^9tben aoted iqx)n 1^ a torque. 



Precession In Right Ascension'.^ The com-* 
ponent of general procession along she celestial 
equator, amounting to about 46.1 seconds of arc 
per year. 

Precession of the Equinoxes.— The conical 
motion of the Earth's ejAn about the normal to 
the plane of the ecliptic, caused by the attractive 
foroe of the Sun, Moon and other planets on the 
equatorial protuberance of the Earth« 

The effect of the Sun and Moon, called lunlsolar 
precession, is to produce a westward motion of 
the equinoxes along the ecliptic. The effect of 
other planets, called planetary precession, tends 
to produce a niudh smaller motion eastward 
along the- eoliptic. The resultant motion, called 
general precession, is westward along the ecliptic 
at the rate of about 50.3 seconds of arc per 
year. The component of general precession along 
the celestial equator, called precession in TifgtA 
ascension, is about 46.1 seconds of arc per year; 
and the conqponent along a celestial meridian, 
called precession in declination, is afiout 20,0 
seconds of arc per year. 



Principal Planets.— The larger bodies 
revolvlhg about the Sun in nearly circular orbits. 
See planet. 

The Imown principal planete, in order of their 
'-ance from the Sun are: Mercury, Venxis, 

V > th» Mars, Jiqplter, Saturn, Uranxis, Neptune, 

iuMi Pluto, 

PropeUant (symbol p, used as a subscript). — 
Any agent used for oonsumption or combustion 
In a rooket and from which the rdoket didrives its 
thrust» such las a foel, dxldlziar^ additive 

' catalyst, or any oompbiind or mixtu^ of these; 
spedflcaUy, a fuel, oxidant, pr, a coniUhatibn of 
mixture of fuel and oxidant iised in propelling a 

^xoobet. Seer fuel.' 

'Proton4--^A positively chugedsuba^ 
ttdei lULV^ a mass of 1,67262 x' '10-?^ gram» 
cnogjht^ Ims %an th8^^ heutm b^ about 
■ 1886 tlmw thiat of ah elebtrdn. 



Proton-Proton Reaction.— A thermonuclear 
reaction in which two protons collide at very 
high velocities and combine to form a deutron. 
The resultant deutron may capture another 
proton to form trltititn and the latter may 
undergo proton capture to form helium. 

The proton-proton reaction is now believed to 
be the principal source of energy within the 
Sun and other stars of Ite dass. A temperature 
of the order of 5 million degrees Kelvin and 
high hydrogen (proton) concentrations are re- 
quired for this reaction to proceed at rates 
compatible with energy emission by such stars. 

Proton Storm.— The flux of protons sent 
into space by a solar flare. 

O 

Quantum Theory. — The theory first stated 
by Max Planck (before the Physical Society of 
Berlin on December 14, 1900) that all eleo- 
tromagnetlo^ rcullatlon is emitted and absorbed 
in quanta, each of magnitude hv, h being the 
Planck constant and v the frequency of the 
radiation. 

Quiet Sun.— The Sun vfben it is free from 
unusual radio wave or thermal radiation such 
as that associated with sun spote. See IQSY. 



R 

Radar.— (From radio detection and ranging.) 

1« A method, system,'*or technTque'bf using 
beamed, reflected, and timed radio waves for 
detecting, locating, or tracing objeote (such 
BS rockete), for measuring altitude, eto., in 
any of various activities, such as air traffic 
control or guidance; 2. The electronic eqiiipment 
or iq[>paratus used to generate, transmit, receive 
and ui9ually, to dlspli^ radio scanning or locating 
waves; a radar set^ 

The terms/ primary radar a^^ secondary 
radar ^ nuty be iised when the return signals 
are, respectively^^ by refleetion and by the trans- 
mission of "a sebmid signal aj3 a result of trig- 
gering riasjxmder beacon by the incident' signal. 

Radar Astronomy,— The stu(|y of celestial 
bodies sdUi system by nieahs of radia- 

tt<m;OT Earth' but reflected from the 

body ;under bbservatlQn. iSee radio astxt»iomy. 



{■ 
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Radiation.— 1. The prooesB 1^ whloh eleotro- 
magnetlo energy Is propagated through free 
space virtue of joint undulatory variations 
in the electric and magnetic fields In space. 
This concept is to be distinguished from con- 
duction and convection. 

A group of physical principles known as 
the radiation laws compilse, to a large ex- 
tent, the current state of practical knowledge 
of the complex radiative processes. 

2. The process by which energy is propa- 
gated through any medluin by virtue of the wave 
motion of that medium, as in the propagation of 
sound waves through the atmosphere, or ocean 
waves along the water service. 3* <° radiant 
energy. 4. » electromagnetic radiation, specifi- 
cally, hlg^-energy radiation such as gamma rays 
dnd X-rays. 5. Corpuscvdar emissions, such as 
Q<or 9*radiation. 6 « nuclear radiation. 7. s 
radioactivity. 

Radiation Belt— An envelope of charged parti- 
cles trfig;)p6d in the magnetic field of a spatial 
body. See Van Allen belt. 

Radiation Cooled.^ of a structure, pertain- 
ing to the use of materials able to radiate 
heat at a rate such that the rate of Increase of 
the temperature of the material is low. 

Radiation Sickness.— A syndrome following 
intense acute eiqpoeure to ionizing radiations. 
It is characterized hy nausea and vomiting a 
few hours after esjposure. Further symptoms 
include Uoody diarrhea, hemorrhage under the 
skin, and internally epilation (hair' falling), and 
a d^croase in Uood-ceU level. 

Radioactivlly.— 1. Spontaneous disintegration 
of atomic nudei witti emission of corpuscular 
or electromagnetic radiations. 

The principal typeef of radioactivity are alpha 
decay, beta decay, and isomeiric transition. 

To be considered as ra^ a proc- 

ess must have a zneasureable lifetime between 
qmroxlmat^ly 1 second and fi^roximately 
iov ]^W8^^ within a time 

too shoxt for^^ pi^ompL. 

Prompt radlaiU^ such as gamma rays and 
X-rays are often associated with radioactive 
disint^atlons.^ 

,}r,2^JTi4^ j^^ q^taneous dlsintegra- 

iionuEi per 1^ of a 

glyeh; etemeatT usually 

meaiBured in curies. 



Radio Astronomy.— 1. The study of celestial 
objects through observation of radio-frequency 
waves emitted or reflected these objects. 

In this sense radio astronomy includes both 
the use of radiation emitted by the celestial 
bodies and of radiation originating on Earth 
and reflected by celestial bodies (radar and 
astronomy). 

2. Specifically, the study of celestial objecto 

measurement of the radiation emitted by 
them in the radiofrequenoy range of the electro- 
magnetic spectrum. 

Radio astronomy measuremente are usually 
of the intensity of the received signal but often 
include polarization of the signal and angular 
size of the source. 



Rate Gyro.— A single-degree-of-freedom gyro 
having primarily elastic restraint of its spin 
axis about the output axis. In this gyro an ou^t 
signal is produced gimbal angular displace- 
ment, relative to the base, which is proportional 
to the angular rate of the base about the input 
axis. 

Rate Integrating G^ro.— A slngle-degree-of 
freedoni gyro having primarily viscous restraint 
of ite spin axis about the output axis. In this 
gyro an output signal is produced by gimbal 
angular displacement, relative to the base, which 
is proportional to the integral of the angiOar rate 
of the base about the ixxpat aids. 

Readout.—!. The action of a radio trans- 
mitter transmitting data either instantaneously 
with the acquisition of the data or playing 
of a magnetic tqpe upon which the data have been 
recorded. 2. The data transmitted hy the action 
described in sense 1. 3. In computer pperatlons, 
to extract inf ormaitlon from storage. 

Readout Station.— A recording or receiving 
radio station at which data are received from 
a transmitter in a probe, satellite, or other 
spacecraft. 

Real Time.— Time in which reporting on 
evente or recording of evente is simultaneous 
with the evente. 

For example, the real tinie of a satellite Is 
that time in which it simultaneously ports ito 
environment as it encounters it; the real time 
of a i computer is that time dkirlng which it Is 
accepting data. 
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Real-Time Data,— Data presented in usable 
form at essentially the same time the event 
ooours. 

The delay in presenting the data must be 
small enough to allow a oorreotive action to 
be taken if required. 

Red Shift.— In astronomy, the displacement 
of observed spectral lines toward the longer 
wavelengths of the red end of the spectrum. 

The term red shift is applied both to the 
Dqppler effect caused by the relative speed 
of r;ecession of the qbser^ed body and the gravi- 
tation or relativestio shixt in ^ch the frequen- 
cy of lig^t emitted atoms in stellar atmos- 
pheres decreased by a factor proportional to 
the mass-radius relationship of the star. 

Reentry.— The event occurring when aspaoe- 
cx:aft or other object comes back into the sensible 
atmosphere after being rocketed to higher alti- 
tudes; the action involved in this event. 

Retrograde Motion.— 1. Motion in an orbit 
opposite to the usual orbital direction of ce- 
lestial bodies within a given system. Speoificalfy, 
of a satellite, motion in a direction opposite to 
the direction of rotation of the primary. 2. The 
apparent motion of a planet westward among 
the stars. Also called retrogression. 

Retrorpoket.— (From retroabting.) A rocket 
fitted on or in a Gfpaceoraft, satellite, or the 
like to produce thrust opposed to forward motion. 

Revolution.— 1. Motion of a celestial body 
in its orbit; circular motioii about an axis 
usually extemea to the b^ 

In sbxne ocmtudB, tfae^^ t^^ revolutl(m and 
rotation are used interohangeable but, with refer- 
ence tb the motions of a celestial body, revolution 
referfif to /motion in an orbit or about an axis 
external tb . the body, whereas rotation refers 
to motion about an axis within the body. Thus, 
the Earth revolves about the Sun annually and 
rotates about its aads ^ally. 

iUe^t Asoension.— AngO^ 
the ^vernal, equinox; the arq of the celestial 
equaforr^^^ tito ang^ at . the celestial , pole, 
between ; the hour blrcle tb^ vernisd eqidn^ 
and fhe^ olrdie ,of a ihe celestial 

sidiereii m^^^ £rbm the hpur circle 

.iof tHe Teraal e(^^ 
V . Angular westYof t^ 

fhrouj^ 3(li6\ b siderefli 



Roentgen.— A unit of radiation, that quantity 
of X-rays or gamma rays which will produce, 
as a consequence of ionization, 1 electrostatic 
unit of electricity in 1 cubic centimeter of dry 
air measured at 0^ C and standard atmospheric 
pressure. 

Roentgen-Equivalent-Man (abbr rem),— A 
imit of radiation which when absorbed by a 
human being, produces the same effect as the 
absorption of 1 roentgen of hig^-voltage X-rays. 

Roll.— 1. The act of rolling; rotational or 
oscillatory movement of an aircraft or similar 
body about a longitudinal axis through the body- 
called roll for any degree of suoh rotation. 
2. The amount of this movement, l.e., the angle 
of roll. 

Rotation. — 1, Turning of a body about an 
axis within the body, as the dally rotation of 
the Earth. See revolution. 2. One turn of a 
body about an internal axis, as a rotation of the 
Earth. 

S 

Satellite.— 1. An attendant body that revolves 
about another body, the primary; especially 
in the solar sytem, a secondary body, or Moon, 
that revolves about a planet. 2. A manmade 
object that revolves about a spatial body, such 
as Ejqplorer I orbiting about the Earth. 3. Such 
a body intended and designed for orbiting, as 
distinqulshed from a conqpanlon body that may 
incidentally also orbit, as in the observer actu- 
ally saw the orbiting rocket rather than the 
satellite. 4. An object not yet placed in orbit, 
but designed or eiqpected to be launched into an 
orbit. 

S-Band« — A frequency band used in radar 
extending approximately from 1.55 to 5.2 kilo- 
megacycles per second. 

Secor (abbr).-- Sequential collation of range. 

Skin.— The covering of a body, of whatever 
material, such as the covering of a fiiselage, of 
a wing, of a hull, of an entire aircraft, etc.; 
a body shell, as of a rocket; the surface of 
a body. 

Soft Landing.— The act of landing on the sur* 
face of a planet without damage to any portion 
of the^ vehicle or p^load except possibly the 
landing gear. 
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Solar Wind.— Stireams of plasma flowing 
approximately radially outward from the Smi. 

Sounding Rooket.— A rocket that oarries aloft 
equipment for making observations of or from the 
upper atmosphere. 

I^aoe.— 1. l^cifioaUy, the part of the uni- 
verse lying outside the limits of the Earth's 
atmosphere. 2. More generally, the vcflume in 
which all celestial bodies, including the Earth, 
move. 

Spin Stabilization.— Directional stability of 
a spacecraft obtained by the action of gyro- 
scopic forces whidi result from spinning the 
bod^ about its axis of symmetry. 

State of the Art.— The level to ^oh technol- 
ogy and science have at any designated cutoff 
time been develc^d in a given indu8ti7 or 
(proup of industries. 

Stationary Orbit.— An orbit in which the sat- 
ellite revolves about the primary at the angular 
rate at which the primary rotates on its axis. 
From the primary, the satellite thus iqn^ars 
to be stationary over a point on the primary. 

A stationary orbit with respect to the Earth 
is conunonly called a 24-hour orbit. 

Stellar Guidance. —Celestial guidance. 

Stellar Inertial Guidance,— The guidance of a 
flight-borne vehicle by a combination of celestial 
and inertial guidance; the equipment which ac- 
complishes the guidance. 

Strain Qage.—M instirument used to measure 
the strain or distortion in a member or test 
specimen (such as a structural part) subjected 
to a force. 

Sunspot Cycle.— A cycle with an average 
length of 11.1 years but varying between about 
7 and 17 years in the number and area of sun- 
spots, as^ given by the relative sunspot number. 
I&is nmnber rises fi'om a minimum q2 0 to 
10 to a maximum of 50 to 140 about 4 years later, 
and then , declines 

An isifpv^^ has been found 

or sugcpd&ted in geomagnetism, frequency of 
uurorsC, and plher ibnospherio characteristics. 
The u-index of geomagnetio intensity variation 
shows one of ttie strragMt 1^ correlatilons 
to'Solar^aibtli^^ 

^'-r Eleivenryear C3^ suggested for 

vi^dus/" t but none of 

thibm has been substantiate 



Telemeter.— 1. To measure at a distance. 
See telemetering, telemetry. 2. The electronic 
unit whidi transmits the signal in a telemetering 
system. 

Telemetering.— 1. A measurement ac- 
complished with the aid of intermediate means 
which allows perception, recording, or inter- 
pretetion of date at a distance from a primary 
sensor. 

The most widely enq;>loyed interpretetion of 
telemetering restricte its significance to. data 
transmitted means of electromagnetic propa- 
gation. 

2. Automatic radio communication intended 
to indicate or record a measurable variable 
quantity at a distance. 

Telemetry,— The science of measuring a 
quantity or quantities,' transmitting the resulte to 
a distant stetion, and there interpreting, indi- 
cating, and/or recording the quantities measured. 

Temperature.— 1. In general, the intensity of 
heat as measured on some definite temperature 
scale lay means of any of various types of 
thermometers. 2. In stotistical mechanics, a 
measure of translational molecular kinetic energy 
(with three degrees of freedom). 3. In thermo- 
dynamics, the integrating factor of the differential 
equation r^erred to as the first lawof thermody- 
nanaics. 

Thrust.— 1. The pushing or pulling force 
developed an aircraft engine or a rocket 
engine. 2. The force exerted in any direction 
by a fluid jet or by a powered screw, as, the 
thrust of an antitorque rotor, 3. (symbol F). 
Specifically, in rocketry, F « mv where m 
is prppellant maiss flow and v is exhaust ve- 
locity relative to the vehicle. Also called mo- 
mentum thrust. 



Track.— !• The path or actual line of move- 
ment (rf an aircraft, rocket, eto., over the 
surface of the Earth. It is the projection of the 
fiig^t-path on the surface. 2. To observe or plot 
the path of sometUng moving, such as an aircraft 
or rocket, by means or another, as by 
telescope or by riBular— said of persons or of 
electronic equ^ment, as the observer, or the 
radar, tracked the satellite. 3« To follow a desired 
track. 
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Trqpopaiise.— The boundary between the 
troposphere and stratoepherei usually charac- 
terized an abrupt change of lapse rate. 
The change is in the direction of increased 
atmospheric stability from regions below to 
regions above the tropopause. Its height varies 
from 15 to 20 kilometers in the tropics to 
about 10 kUometers in polar regions* In polar 
regions in winter it is often difficult or im- 
possiUe to determine just where the tropopause 
lies, since imder some conditions there is no 
abrupt change in lapse rate at any height. 

Tropoephere.— That portion of the atmo^bere 
from the Earth^s surface to the stratosphere; 
that is, the lowest 10 to 20 kilometers of the 
atmosphere. The troposphere is cdiaraoterised 
\yy decreasing temperature with heis^ iqppreoi- 
able vertical wind motion, sppredLBtito water- 
vqpor content, and weather. Pynamioally, the 
troposphere can be divided into the followhig 
layers: surface boundary layer, Ekman Uq^r, 
and free atmosphere. 

Turbo Jet Engine.— A Jetengine inooxporatlng 
a turbine-driven air compressor to take in and 
compress the air for the oombustlQn of fuel 
(or for heating by a nuclear reactor), the gases 
of oombustion (or the heated air) being used both 
to rotate the turbine and to create a thrust- 
producing jet. Often called a turbojet. 



Umbilical Cord.— Any of the servicing e- 
lectrical or fluid lines between the groundora 
tower and an uprif^ted rocket vehicle before 
the launch. Often shortened to umbilical. 

Unidirectional Antemuu— An antenna whi<di 
has a single well-defined direction of unftiriwnm 
gain. 

Universe.— In statistical terminology, "popu- 
lation. 



Vacuum «r*l. A given space filled with gas 
at pressures below atmosid»ric pressure. Vari- 
ous approximate ranges are: 



low vacuum, torr 
medium vacuum, torr 
hi|^ vacuum, torr 
very hic^ vacuum, torr 
ultrahii^ vacuum, torr 



760 to 25 
25 to 10"® 



10" 
10- 



'to 10 
^tolO' 



-6 



10" and below 



2. In reference to satellite orbital para- 
meters, without consideration of the perturbing 
effects of an atmosphere, as in vacuum perigee, 
vacuum apogee. 



Van Allen Belt, Van Allen Radiation Belt.— 
(For James A. Van Allen, 1915-.) The zone 
of high-intensity particulate radiation sur- 
rounding the Earth beginning at altitudes of ap- 
proximately 1000 kilometers. 

The radiation ofttae Van AllenBeltis composed 
of protons and electrons temporarily triqn^d 
in the Earfh*s magnetic field. The intensity of 
radiation varies with the distance from the Earth. 

Velocity of Esciq;)e«— The initial speed as ob- 
ject, particularly a molecule of gas, must have 
at the surface of a celestial bod|y to overcome 
ttie gravitational pull and proceed cut into space 
without returning to the celestial body. Also 
called escqpe velocity, esc^ie speed. 

The velodly of esc^fe determines a body's 
ability to retain an atmosidiere. The velocity 
of escape on the surface of the Earth is nearly 
7 miles per second, neglecting air resistance. 

Vernal Equinox.- 1. That point of inter- 
section of the ecliptic and the celestial equator, 
occupied by the Sun as it cdianges from south 
to north declination, on or about March 21. 
Also called March equinox^ first point of Aries. 
2. That instant the Sun reaches the point of 
sere declination when crossing the celestial 
equator from south to norOu 

Visible S^ctrum.— That portion of the e- 
lectromafpietic spectrum occiqiied by the wave- 
lengths of visible radiation, roughly 4000 to 
7000 angstroms^ This portion of ttie electro- 
magnetic specArum is bounded on the short-wave- 
length end fay ultra-violet radiaticm, and on the 
long-wavelength end ^ infrared radiation. 



Warhead.— Originally the part of a missile 
carrying the eaqiloeive, (fliemical, or other charge 
intended to damage the enemy. By extension, the 
term is sometimes used as synonymous with 
payload or nose ocne. 

Window.— 1. Any device introduced into llie 
atmosphere for producing an appreciable radar 
echo, usually for tracking some airborne device 
or as a tracer of wind. 2. A World Warn 
code naxne for a type of radar-Jamming devloe 
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employ^ to oonfiue the operaton of enemy 
radars (also referred to the oode names 
of ropsi ohaff, and olutter). 

One type of window consists of packages 
containing thousands of small strips of piqper^ 
backed ttafoil which may be dropped from air- 
craft and balloons. The packages, burst open 
upon ejeotloh, scattering the tinfoil tifidely, pro* 
dudng a radar echo whi6h looks like a small 
shower or a ti|^t formation of aircraft on plan- 
position-indicator scopes. 

3, Any giap in a linear oontinuumi as atmos- 
Idieric windows, ranges of wavelengths in ttie 
electromagnetic spectrum to yAAoh the atmos- 
phere is transparenti or firing windows, in- 
terrals of time during viAiibh conditions are 
favorable for launching a spacecraft on aspeoific 
mission. 



Winter Solstice.— 1. That point on theecliptio 
occupied by the Sun at maximum southerly 
declination. Sometimes called December solstioe, 
first point of Caprioomus. 2. That instant 
at which the Sun reaches the point of maximum 
southerly declinationi about December 22. 



X 

X-Band.<— A frequency band used in radar 
extending ^pproodm^ly from 5.2 to 10.9 kilo- 
megacycles per second. 

X*Ray.— Noonuclear electromagnetic raOi- 
atlon of very short wavelength« lying vdthin 
the interval of 0.1 to 100 angstroms (between 
gamma rays and ultraviolet radiation). Also 
called X-radiation, Reoentgm ray. 



X-rays penetrate various thicknesses of all 
solids and they act iq>on photogr^>hic plates 
in the same manner as light. Secondary X-rays 
are absorbed by a substance; in the case of 
absorption by & gaB. this results in ionization. 

Y 

Yagi Antenna.— A ^ype of directional antenna 
used on some types of radar and radio equip- 
ment consisting of an array of elemental» single- 
wire dipole antennas and reflectors. 

Yaw.— 1. The rotational or oscillatory move- 
ment of an aircraft* rooketi or the like about a 
vertical akis. 2. The amount of this movement, 
i.e., the angle of yaw. 3. To cause to rotate 
about a vertical axis. 4. To rotate or oscillate 
abbut a vertical axis. 

Z 

Zenith.— That point of the celestial sphere 
vertically overhead. 

The point 180* from the sentth is called 
the nadir. 

Zero-0. —Weightlessness. 

Zero Launch.- The launoh of a rocket or air- 
craft by a tero-length launcher. 

Zero-Length Launcher.— A launcher that 
holds a vehicle in position and releases the 
rodoet simultaneously at two points so that 
the buildiQ) of thrusti normally rocket thrust» 
is sufficient to take the ndsslle or vehicle directly 
into the air without need of a take-off run and 
wittiout imposing a pitch rate release. 

The term is not normally applied to a pad 
used for a vertical launch. 



